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Peptides for reducing or inhibiting bone resorption, angiogenesis and restenosis 



(57) The present invention provides Arg-Gly-Asp 
peptides that can alter the binding of osteoclasts to a 
matrix such as bone or can selectively alter integrin re- 
ceptor binding. The invention also provides methods of 
using the Arg-Gly-Asp peptides to alter a v p 3 integrin re- 



ceptor-mediated binding of a cell such as an osteoclast, 
endothelial cell or smooth muscle cell to a matrix. The 
invention further provides methods for ameliorating the 
severity of a pathology characterized, in part, by an un- 
desirable level of bone resorption, angiogenesis or res- 
tenosis in a subject. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION : • 

[0001] This invention relates generally to the field of medicine and more specifically to peptides that can reduce or 
inhibit bone resorption, angiogenesis and restenosis. 

10 BACKGROUND INFORMATION 

[0002] Bone is a dynamic tissue that is continually remodeled throughout life depending on factors such as nutrition 
and the load the bone must carry. Normal bone formation depends on the delicate balance between new bone addition 
and old bone resorption. Bone resorption is initiated when an osteoclast attaches to the surface of mineralized bone, 
15 forms a tight sealing zone and secretes enzymes that begin the resorption process. After a period of several hours to 
days, the osteoclast detaches from the bone, leaving a pit on the bone surface. Under normal conditions, the pit is a 
target for osteoblasts, which deposit a material that ultimately becomes new bone. 

[0003] Bone loss can result when the bone resorptive process is dominant over the bone formative process. Such 
a condition can occur, for example, when a previously active person becomes sedentary or incapacitated due to an 

20 injury or illness, when a person fails to ingest an adequate amount of vitamins and minerals or in various pathological 
conditions. A condition of excessive bone loss, which is called osteoporosis, is common in elderly persons. 
[0004] When osteoporosis is caused by a mineral or vitamin deficiency, the condition often can be treated by sup- 
plementing the person's diet with the appropriate nutrient. However, diet supplementation is not always effective and, 
in most cases, osteoporosis cannot be treated. In severe cases, osteoporosis can result in the formation of fragile 

25 bones that readily fracture when placed under a minimal load or stress. Thus, a need exists for agents that can reduce 
or inhibit bone resorption in a subject or to achieve net bone accumulation. The present invention satisfies this need 
and provides related advantages as weil. 

SUMMARY OF THE INVENTION 

30 

[0005] The present invention provides non-naturally occurring RGD-containing peptides useful for reducing or inhib- 
iting bone resorption, angiogenesis or restenosis and for altering an integrin receptor-mediated interaction. In addition, 
the invention provides pharmaceutical compositions comprising a non-naturally occurring RGD-containing peptide. 
[0006] The invention also provides methods for specifically altering 0^3 integrin receptor-mediated binding of a cell 
35 to a matrix. The invention provides, for example, methods of reducing or inhibiting osteoclast binding to a matrix, altering 
angiogenesis and reducing or inhibiting bone resorption or restenosis in a subject. The invention further provides meth- 
ods for using an RGD-containing peptide to after the binding of a ligand to an 0^3 integrin receptor. 

BRIEF DESCRIPTION OF THE FIGURES 

40 

[0007] Figure 1 shows the names and structures of Tic and representative Tic analogs. 

[0008] Figure 2 lists and demonstrates the activity of various RGD peptides of the invention. All of the peptides are 
cyclic except peptides 1, 2, 233 and 425, which are linear. Values indicated are mean 50% inhibitory concentration 
(IC50; uJvl) for the interactions listed across the top of the table. IC50 values were determined by linear regression 

45 analysis (1 to 5 assays), except that numbers in parentheses in the column headed "rat OC attach (FCS)' were obtained 
from a single experiment using 5 uJvl peptide and represent the percent of osteoclasts remaining adherent in the pres- 
ence of peptide as compared to osteoclasts remaining adherent in the absence of peptide. OC, osteoclast; FCS, fetal 
calf serum; Echi, echistatin; JY, human B lymphocyte-derived JY cell line; Vn, vitronectin; Hep, heparin. Regarding the 
peptide sequences, "NH2" indicates the presence of an amide group at the C-terminus; dE indicates the D-amino acid 

50 form of glutamic acid: dF indicates the D-amino acid form of phenylalanine. Other abbreviations are listed in Table 1 
(see, also, Figure 1, for Tic and Tic analogs). SEQ ID NO. is listed for peptides containing only naturally-occurring L- 
amino acids. 

[0009] Figure 3 lists additional RGD peptides of the invention. Underlining indicates the amino acids in the cyclic 
region of the peptide. SEQ ID NO. is listed for peptides containing only naturally-occurring L-amino acids. dPen indi- 
55 cates the D-amino acid form of penicillamine. Other abbreviations are listed in Table 1 (see, also, Figure 1 , for Tic and 
Tic analogs). 

[0010] Figure 4 demonstrates the dose response of various RGD peptides in the chick osteoclast cell detachment 
assay. The IC50 was calculated by determining the dose of a peptide that results in the detachment of 50% of the 
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osteoclasts and is shown for each peptide. Echi indicates echistatin. Peptide TL31 is a negative control. 

[0011] Figure 5 d monstrates the selectivity of various peptides in th chick total cell detachment assay. A selective 

peptide produces a curve that is shifted to the right and has a h rizontal shape. 

[001 2] Figure 6 compares various peptides in both the chick osteoclast detachm nt assay (OCs) and chick total cell* 
detachment assay (Total Cells). Peptides showing a greater differ nee in the ability to detach osteoclasts as compared 
to total cells are considered more selective. 

[001 3] Figure 7 demonstrates the effectiveness of various peptides in the rat osteoclast attachment assay using fetal 
calf serum as substrate. 

[0014] Figure 8 demonstrates the selectivity of various peptides in the rat kidney cell attachment assay. Peptides 
that are selective for binding 0^3 integrin, which is not present on normal rat kidney cells, do not affect attachment of 
the cells, whereas peptides that are nonselective for this integrin show a dose response for inhibition of cell attachment. 
[001 5] Figure 9 shows the change in serum ionized calcium resulting from infusion of various peptides at the indicated 
concentrations. 

[0016] Figure 10 demonstrates the effectiveness of various RGD peptides of the invention in the rat osteoclast at- 
tachment assay using osteopontin (OPN) or vitronectin (Vn) as substrate. 

[0017] Figure 11 demonstrates the effectiveness of various RGD peptides of the invention in the rat osteoclast at- 
tachment assay using collagen as substrate. 

[0018] Figure 12 demonstrates the effectiveness of various RGD peptides of the invention in the rat osteoclast at- 
tachment assay using fibronectin as substrate. 

[0019] Figure 13 presents the members of the integrin family. The- known subunits. the subunit combinations that 
form the known integrins and the known ligands for these integrins are shown. The RGD specificity of those integrins 
that bind RGD also are shown. The more recently identified (S 5 subunit tentatively has been assigned to the group. 
FN, fibronectin; VN, vitronectin; FB, fibrinogen; LM, laminin; vWF, von Willebrand factor; COLL, collagen; OR oste- 
opontin; BSP1 , bone sialoprotein 1 ; ICAM-1 and ICAM-2 are intercellular adhesion molecules; C3bi, complement com- 
ponent C3bi; Fn Alt, fibronectin alternatively spliced domain. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention provides non-naturally occurring Arg-Gly-Asp (RGD) peptides that can inhibit bone 
resorption and can inhibit the binding of an osteoclast to a matrix such as bone (see, for example, Davies et al., J. Cell. 
BbL 109:1817 (1 969); Horton et al., Expt. Cell Res. 135:368 (1990)). RGD peptides of the invention also can bind the 
ctyPa integrin and, therefore, can inhibit or promote o^Pg-mediated cell attachment depending on whether they are 
presented to the cell in a soluble form or bound to a solid substrate, respectively Since 0^3 integrins are involved in 
angiogenesis and in the restenosis that can occur following angioplasty, the RGD peptides of the invention can be 
useful for altering angiogenesis and for reducing or inhibiting restenosis in a subject (see Choi et al., J. Vase. Sura. 
19:125 (1994); Brooks et al., Cell 79:1157-1164 (1994a); Brooks et al., Science 264:569 (1994b), each of which is 
incorporated herein by reference). 

[0021] As used herein, the term "Arg-Gly-Asp peptide' or "RGD peptide" means a peptide having at least one Arg- 
Gly- Asp-containing sequence, as defined below, which can function as a binding site for an integrin type receptor (see 
Table 1 for amino acid codes). Integrin receptors can bind a variety of RGD-containing peptides (see, for example, 
Ruoslahti et al., In Morphorequlatory Molecules (G.M. Edelman et al., eds. 1990); Ruoslahti J Clin Invest 87*1-5 
(1991)). ' 



TABLE 1 



Single letter code 


Three letter code 


Amino acid*- 1 - 




Adp 


V^aminoadipic acid 


A 


Ala 


Alanine 




(3Ala 


p-alanine 




ct-Aba 


a- Amino isobutyric acid 


R 


Arg 


Arginine 


N 


Asn 


Asparagine 


D 


Asp 


Aspartic acid 




Cha 


Cyclohexyl-alanine 



* • includes amino acids and analogs thereof. 

* • for Tic and Tic analogs, se© Figure 1 . 
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TABLE 1 (continued) 



Single letter code 


Three letter code 


Amino acid* + 




Chg 


cyclohexyl-gtycine 




Cit 


Crtrullin 


C 


Cys 


Cystein 


Q 


Gin 


Glutamine 


E 


Glu 


Glutamic acid 


G" 


Gly 


Glycine 




t-BuG 


tert-butyl Glycine 


H * 


His 


Histidine 




Hpa 


Homophenylalanine 


I 


lie 


Isoleucine 


L 


Leu 


Leucine 




nl_ 


norleucine 


K 


Lys 


Lysine 


M 


Met 


Methionine 




Mpa 


p-Mercaptoprogionic acid 




Msa 


p-t(methylsulfonyl) aminojalanine 




Mamb 


m-(aminomethyl) benzoic acid 




N-Me-R 


N-methyl-arginjne 




Npg 


neopentyl-glycine 




OMeTic 


0-methyl-Tic t - 




Om 


Ornithine 




p-amino-Phe 


para-am ino-pheny f alan in e 




Pen 


Penicillamine 




PgL 


phenyl-glycine 


F 


Phe 


Phenylalanine 




. p-CI-F 


para-chloro-phenylalanine 




p-iodo-Phe 


para-iodo-phenylalanine 




Pmc 


p,p-pentamethylene cysteine 


Single letter code 


Thr^o lattor nrvia 
i luce? loitoi uuue 


: : 

Amino acid 




Pmp 


p,p-pentamethylene-p-mercaptoprop ionic acid 


P 


Pro 


Proline 




homoP 


homoproline 




dhP 


dehydroproline 




fn 


3-phenylproline 




Psa 


P-[(phenylsulfonyl) aminojalanine 


S 


Ser 


Serine 




Tea 


1 ,2,3,4-tetrahydro-p-carboline-3-carboxylic acid 



* - includes amino acids and analogs thereof. 
+ - for Tic and Tic analogs, see Figure 1 . 
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TABLE 1 (continued) 



Single letter code 


Three lett r code 


Amino acid 




tetA 


B-f 1 f 2)H-tetrazol-5-vh-alanine 


T - 


Thr 


Thr onin * 




Tfsa 


p-[(trifluorom thyl sulfonyl)amino]alanin . 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine '. 




YOMe 


O-methyl-tyrosine 


V 


Val 


Valine 




2-Nal 


p-(2-naphthyl) Ala-OH 




1-Nal 


P-(l-naphthyl) Ala-OH 



[0022] It is intended that the term "RGD peptide" in its broadest sense includes a peptide comprising Arg-Gly-Asp 
or a functional equivalent of Arg-Gly-Asp. For example, an amino acid such as lysine, homoarginine (homoArg), N- 
rnethyl arginine or a mimic of these amino acids is a functional equivalent of arginine. Similarly, mimics of Gly and Asp 
are functional equivalents of glycine and aspartic acid, respectively. Therefore, a peptide comprising, for example, Lys- 
Gly-Asp is considered an "RGD peptide" within the meaning of the present invention. As used herein, the term "mimic" 
means an amino acid or an amino acid analog that has the same or a similar functional characteristic of an amino acid. 
Thus, for example, an arginine analog can be a mimic of arginine if the analog contains a side chain having a positive 
charge at physiologic pH, as is characteristic of the guanidinium side chain reactive group of arginine. A peptide mimetic 
or peptidomimetic is an organic molecule that retains similar peptide chain pharmacophore groups as are present in 
the corresponding peptide. Peptide mimetics also can be functional equivalents of Arg-Gly-Asp. 
[0023] In one aspect, the RGD peptides of the.invention are grouped based on the pharmacophore. As used herein, 
the term "pharmacophore" is defined as a particular three-dimensional arrangement of functional groups that is required 
for a compound to produce a particular response or have a desired activity. The invention provides, for example, a 
pharmacophore, abbreviated ■RGDNTic," which is contained within a non-naturally occurring peptide comprising the 
sequence: 

r r- \ 

X 1 X 2 X 3 ^4 GD X S X S X 7 X 8 

- - •» -~ 

wherein Xj is R t R 2 N (wherein R 1 is an H or alkyl group and Rg is an H, alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or 0 to 10 amino acids, which can be protected by acetylation at the N-terminus; *X£is 0 or 1 amino acid, which, when 
X 2 is one amino acid, can form a bridge with X 7 ;/X3 isO,\1 or,2 amino acids, which 1 , when X 3 is two amino acids, the 
amino acids can be a pair consisting of Phe-Ala, Ala-Ala, Glu-Ala, Tyr-Ala. Arg-Ala, He-Ala, Glu-Pro, lle-Phe, (2-Nal)- 
Ala, YOMe- Ala or analogs or mimics thereof; X* is a positively charged amino acid such as Arg, Lys, homoArg, N^Me-' 
Arg or analogs or mimics thereof; Xg is an amino acid such as Asn, Ser, Thr or mimics or analogs thereof, which can 
provide a hydrogen bond interaction with an integrin receptor; Xg is an amino acid such as Tic, Pro, Phe, lie or analogs 
or mimics thereof, which have the characteristics of hydrophobicity and/or conformational constraint; %* is a residue 
capable of forming a bond with an amino acid ot Xg, or with X 3 when is 0, or with X 4 when Xg ancf X 3 are 0, to 
conformationally restrain the peptide; and Xe is -CONR 3 R 4 (wherein R 3 is an H or alkyl group and is an H or alkyl 
group) or -COOR 5 (wherein R s is an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at 
the C-terminus, and wherein when Xg is serine and Xq is proline, X 3 is 0 or 2 amino acids. The abbreviation -"RGDNTic" 
includes all peptides encompassed by this formula. 

[0024] The invention also provides, for example, a pharmacophore, abbreviated **RGDDV, ■' (SEQ ID NO: 1 ) which 
is contained within a non-naturally occurring peptide comprising the sequence: 

X 1 X 2 X 3 X 4 GD X S X 6 X 7 X 8 

wherein X, is R^N (wherein R t is an H or alkyl group and R 2 is an H, alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or 0 to 10 amino acids, which can be protected by acetylation at the N-terminus; X^ls-O or V amino acid, which, when 
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X 2 is one amino acid, can form a bridge with X 7 ; X 3 is 0, 1 r 2 amino acids, which when X 3 is two amino acids, the 
amino acids can be a pair consisting of Glu-Ala, Tyr-Ala, Arg-Ala, lle-Gly, Glu-Pro, or a hydrophobic amino acid followed 
by a second amino acid such as II -Ala, II -Phe, (2-Nal)-Ala, Phe-Ala or Ala-Ala, or analogs or mimics. thereof; % is- 
a positively charged amino acid such as Arg, Lys, homoArg, N-Me-Arg or analogs or mimics thereof; % is an amino 
acid such as Asp, Glu, p-( 1 (2)H-tetrazol-5-yl)-alanine or analogs or mimics th reof such as the sulfonamide derivatives, 
Msa, Psa or Tfsa (see Example I.D.), which can form an ionic or similar int raction with an integrin receptor; is an 
amino acid such as Leu, lie, Val, Thr, Nle or analogs or mimics thereof, which has an aliphatic side chain, or is an 
aliphatic non-natural amino acid that is hydrophobic such as t(But)Gly, Cha, Chg, Npg or phenylglycine; ^ is a residue 
capable of forming a bond with a bridging amino acid of or with X 3 when X 2 is 0, or with )Q when X2 and X 3 are 0, 
to conformational^ restrain the peptide; and X^ t is -CONR 3 R 4J ^^rein R 3 is an H or alkyl group and R 4 is an H or alkyl 
group) or -COOR 5 (wherein R 5 is an H or alkyl group)^-dlto!l5^^Saeki8 f which can be protected as an amide at 
the C-terminus. The abbreviation "RGDDV (SEQ ID NO: 1) includes ail peptides encompassed by this formula. 
[0025] In another aspect, the present invention provides ^RGD^containing cyclic peptides having the fol towing se- 
quences: G-R-G-D-E-P-D -G (SEQ ID NO: 16); R-G-D-N-l-E -NhU (SEQ ID N6T25); G -Pmc^R-G-D-C -A: G -Pen-G-R- 
15 G-D-N-Y-C -A; G -Pen-G-E-R-G-D-N-Y-C -A: G -Pen-A-A-R-G-D-V-P-C -A-NHL: G -Pen-E-L-R-G-D-G-W-c 'NhU: G -Pen- 
G-F-R-G-D-E-P-C-Nhk G -Pen-G-E-R-G-D-N-Y-C -A: G -Pen-G-E-R-G-O-N-Y-C -A: K -Pen-G-F-R-G-D-E-P-C -R: K- 
Pen-G-F-R-G-D-D-P-C-R; Ac -Pen-A-A-R-G-D-Orn-P-C -NHU: (Mpa)-R-G-D-(YOMeHtBuGVC -NH* and (Mpa)-R-G-D- 
(Cha)-(tBuG)-C-NH 2 (underlined amino acid residues indicate the cyclic region of a peptide). In an additional aspect, 
the invention provides a linear peptide having the sequence: Ac-R-G-D-D-V-G-NH 2 (SEQ ID NO: 2). These and other 
20 peptides are useful for practicing the invention. 

[0026] As used herein, the term "amino acid' is meant in its broadest sense to include naturally occurring proteogenic 
amino acids and imino acids as well as non-naturally occurring amino acids and imino acids and analogs and mimics 
thereof. As used herein, the term 'proteogenic' indicates that the amino acid can be incorporated into a protein in a 
cell through well known metabolic pathways. In view of this broad definition of an amino acid, one skilled in the art 
would know that reference herein to an amino acid, unless specifically indicated otherwise, includes, for example, 
naturally occurring proteogenic (L)-amino acids, (D)-amino acids, chemically modified amino acids such as amino acid 
analogs, naturally occurring non-proteogenic amino acids such as norleucine, and chemically synthesized compounds 
having properties known in the art to be characteristic of an amino acid. For example, 71c is a conformational^ con- 
strained analog of Phe and a benzo-fused analog of Pro. Tic analogs include, for example, Idc, Die, Oic. Tea, and 
7-OMe-Tic (see Figure 1 for structure and full names of Tic and Tic analogs). Other conformational ly constrained amino 
acids are known in the art and include, for example, proline derivatives (Chung et al., J. Org. Chem. 55:270-275 (1 990), 
which is incorporated herein by reference). 

[0027] The choice of including an (L)- or a (D)-amino acid in an RGD peptide of the present invention depends, in 
part, on the desired characteristics of the peptide. For example, the incorporation of one or more (D)-amino acids can 
confer increased stability on the peptide in vitro or in vno, above that provided by conformational constraint, and can 
allow the peptide to remain active in the body for an extended period of time. The incorporation of one or more (D)- 
amino acids also can increase or decrease the pharmacological activity of the peptide as determined, for example, 
using the assays described in Examples II and III, below, or other in Wftoor in vivo assays for determining, for example,' 
osteoclast binding to a matrix or osteoclast activity. The skilled artisan can determine the desirable characteristics 
required of an RGD peptide of the invention by taking into consideration, for example, the age and general health of 
a subject. 

[0028] Increased stability of a disulfide bonded peptide of the invention also can be conferred by incorporating a 
hydrophobic amino acid residue such as phenylalanine at position X, or X 8 or both X, and X 8 in an RGDNTic or RGDDV 
pharmacophore as disclosed herein. The presence of such a residue can stabilize the disulfide bond against enzymatic 
degradation (see Bauer et al.. Life Sciences 31:1133-1140 (1982)). For example, peptide 220 (see Figure 2), which is 
within the RGDNTic class of peptides, contains a phenylalanine residue at position X, and exhibits a relatively long 
half-life in serum. Methods for determining pharmacokinetic properties of a peptide of the invention such as half-life of 
a peptide in serum are routine in the art (see. for example. Experimental and Surgical Technique in the Rat 2d ed 
chapters 1 , 2 and 3 (H.B. Waynforth and P. A. Flecknell; Academic Press Ltd., London 1 992); Applied Biopharmkceutics 
and Pharmacokinetics, 3d ed., chapters 3-5 and 9 (L Shargel and A.B.C. Yu; Appelton and Lange, USA 1993) each 
of which is incorporated herein by reference). In addition, the half-life of a peptide in a subject can be determined for 
example, by high performance liquid chromatography (HPLC) of serum samples collected from the subject at various 
times following administration of the peptide. One skilled in the art would know how to select appropriate elution buffers 
for HPLC based on the physico-chemical properties of a particular peptide. 

[0029] The RGD peptides of the invention can be chemically synthesized using, for example, an automated synthe- 
sizer (see Example I ). Selective modification of a reactive group such as an amino acid side chain or an N- or C-terminal 
group in a peptide can impart desirable characteristics to an RGD peptide of the inv ntion. A peptide can be manipulated 
while still attached to the resin following chemical synthesis or after cleavage from the resin to obtain, for example i 
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N-termmal modified peptide such as the acetylated peptides disclosed herein (see Example I and Figures 2 and 3). 
Peptides also can be synthesized containing the C-terminal carboxy group or a C-terminal amide as described in 
Exampl I. A newly synthesized peptide can be purified using a method such as r v rse phas HPLC (RP-HPLC), as 
described in Example I, or other methods of separation based on ther size or charge of th peptide. Similarly, well known* 
methods such as amino acid sequence analysis or mass sp ctrometry, as describ d in Example I, ar available for 
characterizing the structure of the RGD peptide. 

[0030] An RGD peptide of the invention can be constrained by various methods, including, for example, formation 
of a disulfide bond or a lactam bond between X 7 and one of either Xg, X 3 or X4. Residues capable of forming a disulfide 
bond include Cys, Pen, Pmp, Pmc and Mpr (see Table 1). Residues capable of forming a lactam bridge include Asp, 
Glu, Lys, Om, <x,p-diaminopropionic acid, 7-amino-adipic acid and m-(aminomethyl)benzoic acid. The RGD peptides 
disclosed herein can cyclize, for example, via a lactam bond; which can utilize a side chain group of X 7 to form a 
covalent attachment to the N-terminal amine of Xg or X 3 (when Xg is 0) or X 4 (when and X 3 are 0). In particular, X, 
in a lactam-bonded peptide can be an Asp or a Glu residue. Conformational constraint also can be effected by the 
choice of a residue such as proline that is incorporated into a peptide or by synthesis of a peptidomimetic having a 
particular conformation or by any other means known to one skilled in the art. 

[0031] RGD peptides of the invention comprising an RGDNTic pharmacophore or an RGDDV (SEQ ID NO: 1) phar- 
macophore are exemplified by peptides shown in Figures 2 and ^JJ&jgr^^ . 
of the invention include 1) a frve amino acid pharrriacopfioire audvaT^ or 
RGDDV (SEQ ID NO: 1) and 2) a means of conformational restraint Peptide 812 (Ac-CRGDSfTjcJC-NHg) from the 
RGDNTic pharmacophore group and peptide 386 (RGDDVE-NH 2 ; SEQ ID NO: 3) from the RGDDV (SEQ ID NO: 1) 
pharmacophore group exemplify RGD peptides that have these minimally essential elements and demonstrate activity 
(see Figure 2). Peptides are referred to herein by a number, which can be shown either alone or preceded by the 
letters, TL (see, also, Figure 2, numbers listed in the left hand column). 

[0032] Peptides of the RGDNTic pharmacophore groupjare characterized in general, as having incr^edpotenc* 
whereas the peptides of the pharmacophore RGDDV (SEQ IDNO: 1 j group generally have higher receptor selectivity^ 
However, RGD peptides having both characteristics also were identified (see, for example, peptides 750, 487, 1 91 and 
159; Figure 2). As used herein, the term 'potency' or 'potent' means that a peptide of the invention is active at a 
relatively low concentration in the assays described in Examples II and III. A potent peptide of the invention can be 
identified, for example, using the assays described in Examples II and III. 

[0033] As used herein, the term "selective" means that a peptide of the invention preferentially reduces or inhibits 
the migration or binding to a matrix of cells such as osteoclasts, which are involved in bone resorption, endothelial 
cells, which are involved in angiogenesis, or smooth muscle cells, which are involved in neointimal hyperplasia. Se- 
lectivity can be due, for example, to the ability of a peptide of the invention to bind to 0^3 with greater affinity than it 
binds to other integrins. Thus, in addition to having selectivity, for example, for osteoclast binding to a matrix, a peptide 
cf the invention also can display receptor selectivity and, therefore, more specifically alter receptor-mediated bindina, 
for example, of an endothelial cell to a matrix or receptor-mediated migration or binding, for example, of a smocth 
muscle cell to a region of arterial injury. It is recognized that a peptide of the invention can specifically bind more than 
one integrin, yet still be considered selective because it does not non-specifically bind any integrin. Thus, a peptide 
such as TL940, which can specifically bind both the a»fc and the a llb p 3 integrin receptors, is considered an example 
of a selective peptide that specifically binds two integrins. 

[0034] As used herein, the term "receptor selectivity" means that a peptide of the invention can bind to one or more 
integrin receptors with greater affinity than it can bind to other receptors. Thus, a peptide of the invention is selective 
in that it specifically binds one or a few integrins, but does not non-specifically bind any integrin. For example peptides 
such as peptides 487, 750. 368, 814, 191, 84 and 159 have a low IC50 value for 0^3 binding as compared to 0^5 
binding or a 5 p 1 binding (see Figure 2) and. therefore, are receptor selective for 0^3. Methods for identifying a selective 
peptide are described in Example II. 

[0035] Integrins are heterodimeric molecules comprised of an a and a p subunit. The ap integrin receptor binds to 
molecules in the extracellular matrix, commonly via the Arg-Gly-Asp sequence present in such molecules. Numerous 
a and p subtypes have been identified and the combination of a particular a subtype with a particular p subtype con- 
tributes to the ligand specificity of the integrin (see Figure 1 3). Some integrins can adopt subtle conformational changes 
specific to a particular cell type, thus providing an additional level of cell type integrin specificity (Chuntharapai et al 
Exp. Cell Res. 205:345-352 (1993)). 

[0036] As used herein, the terms "matrix" and "ligand" are used in the broadest sense to mean a material to which 
a cell such as an osteoclast, an endothelial cell or a smooth muscle cell can bind to or migrate across. Cells can bind 
to or migrate across extracellular matrix components such as fibronectin, vitronectin, laminin and collagen. In addition, 
it is well known that osteoclasts, for example, can bind to bone and to bone matrix prot ins such as osteopontin and 
bone sialoprotein. 

[0037] As disclosed herein, osteoclasts also can bind, for example, to a matrix such as a s rum-coated microtiter 
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plate or to a plate having attached thereto an RGD peptide f the invention. In addition, an osteoclast can express 
specific int grin receptors on its cell surface and, therefore, can bind to a matrix component recognized by the receptor 
For example, JY cells xpress 0^3 int grin receptors and, accordingly, can bind a matrix such asvitronectin (se , 
Example II). Vitronectin is a ligand of the 0^3 rec ptor. . 

5 [0038] Vascular celts such as endothelial cells and smooth muscle cells also can migrat across and bind to a matrix 
such as the basement membrane region of blood vessels. Such interactions of endoth lial cells and smooth muscle 
cells are involved, for example, in angiogenesis and restenosis. Angiogenesis, for example, is important for normal 
development and wound healing. In addition, however, angiogenesis is required for the growth of solid tumors and 
neovascularization serves as a conduit for metastasis. Anti-ct^ antibodies and relatively nonselective peptide antag- 

10 onists for 0^3 integrin receptor-mediated cell binding suppressed angiogenesis in tumors in the chick chorioallantoic 
membrane assay (Brooks et al., supra, 1994a; 1994b). These results indicate that 0^3 integrin receptor-mediated 
binding is involved in the vascular cell adhesion fo the extracellular matrix that occurs in angiogenesis. 
[0039] The integrin receptor also is involved in the migration and binding of cells to a region of vascular injury 
such as occurs during restenosis. Of the approximately 350,000 angioplasties performed each year, restenosis occurs 

is in greater than 30% of the treated patients within one year. A. peptide that binds the 0^3 receptor inhibited the neointimal 
hyperplasia that normally occurs following arterial injury in a rabbit model of atherosclerosis (Choi et al., supra, 1 994). 
I n addition, an anti-jJ 3 antibody reduced clinical restenosis (Topol et al., Lancet 343:88 1 (1 994)). Since (J 3 can associate 
with aj| b as well as 0^, more than one integrin can be involved in the vascular cell migration, binding and proliferation 
that results in restenosis. 

20 [0040] Osteoclasts attach to bone matrix via integrin-type receptors present on the osteoclast cellular membrane. 
Integrin receptor-mediated osteoclast binding, for example, to bone matrix is involved in bone resorption. Since integrin 
receptor binding is involved in the interaction of cells with a matrix, a process such as bone resorption, angiogenesis 
or restenosis can be reduced or inhibited by reducing or inhibiting, for example, 0^3 integrin receptor-mediated binding 
of a cell such as an osteoclast to bone matrix or of endothelial cell or smooth muscle cell to vascular matrix. 

25 [0041] Osteoclasts can express an 0^3 integrin receptor, as well as ct^., and integrin receptors (Nesbitt et al., 
J. Biol. Chem . 268:16737-16745 (1993)). ot^ is a fibronectin receptor. As discussed above, the 0^3 integrin is a 
vitronectin receptor, which can be involved in bone resorption. For example, a monoclonal antibody against 0^3 
blocked bone resorption in vitro (Horton et al., Exo. Cell Res. 195:368-375 (1991)). The vitronectin receptor present 
on rat osteoclasts can bind a wide variety of RGD-containing extracellular matrix and bone proteins in vitro, including 

30 osteopontin and bone sialoprotein (Helfrich et al., J. Bone Miner. Res. 7:335-343 (1992); Reinholt et al., Proc. Natl. 
Acad. Sci. USA 87:4473-4475 (1990); Miyauchi, et al., J. Biol. Chem. 266:20369-20374 (1991)). The integrin 
interacts with collagen and laminin and may be involved in the sealing event necessary for resorption to occur (Horton 
et al., supra, 1991 ). An agent such as the RGD peptides of the invention, which can inhibit ligand binding to these and 
other integrins present on osteoclasts, is useful for disrupting the binding of osteoclasts to bone and, therefore, reducing 

25 or inhibiting the process of bone resorption. 

[0042] As discussed above, the a v p 3 integrin receptor also is involved in angiogenesis and is required for neovas- 
cularization (Brooks et al., supra , 1994b). Antagonists of 0^3 can disrupt newly forming blood vessels but do not 
affect preexisting vasculature. Systemic administration of 0^3 antagonists can inhibit angiogenesis associated with 
tumor growth and metastasis and can cause regression of various histologically distinct human tumors (Brooks et al., 

40 supra, 1 994a). As disclosed herein, the claimed peptides, including the RGDNTlc and RGD0V pharmacophores, are 
useful for altering angiogenesis, which can be associated with a pathology such as cancer or retinopathy or with various 
inflammatory diseases (see, for example, Blood and Zetter, Biochim. Biophys. Acta 1032:68-118 (1990); Folkman, 
Sem. Cane. Biol. 3:65-71 (1992)). The peptides of the invention also can be useful for promoting neovascularization, 
for example, by immobilizing a peptide onto a desirable matrix, thus promoting adhesion and migration of migratory 

^5 endothelial cells on the matrix. Although reference is made herein generally to endothelial cells, it should be recognized 
that the 0^3 integrin receptor is expressed by migratory endothelial cells but not necessarily by all endothelial ceils. 
[0043] The 0^3 integrin receptor also can be involved in the migration, binding and proliferation of smooth muscle 
cells at a site of arterial injury, resulting in a pathology characterized, for example, by the neointimal hyperplasia as- 
sociated with restenosis of an artery following angioplasty. Antagonists of the 0^3 integrin receptor, including, for 

so example, an anti-ce v p 3 antibody and the peptide G(Pen)GRGDSPCA, can inhibit neointimal hyperplasia (Choi et al., 
supra, 1 994). As disclosed herein, the RGD peptides of the invention can be useful for reducing or inhibiting restenosis 
and, in addition, can provide the advantage of having greater potency or selectivity or both as compared to G(Pen) 
GRGDSPCA. 

[0044] A (J 3 -containing integrin receptor such as the platelet a nb p 3 integrin receptor also can be involved in restenosis 
55 (Topol et al., supra, 1 994). Thus, a peptide of the invention such as TL200 or TL697, both of which selectively bind the 
<*iibP3 integrin receptor, can be used alone or in combination with a peptide that selectively binds the 0^3 integrin 
receptor to reduce or inhibit restenosis in a subject. In addition, a peptide of the invention such as TL940, which binds 
both the a v p 3 and 0^3 integrin receptors, can be administered alone to a subject in order to reduce or inhibit rest nosis 
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in the subject. 

[0045] The invention provides a method of reducing or inhibiting bone resorption, angiogen sis or restenosis in a 
subject, comprising administering an RGO peptide as disclosed herein. As used herein, the terms V ducing" and, 
"inhibiting - have their common meanings. The terms are used t gether, here, to avoid any ambiguity as to th extent 
to which an RGD p ptide of the invention acts. It is recognized that an RGD peptid can decrease, for example, the 
level of bone resorption below a level that is detectabl using a particular assay. In this situation, one would be unable 
to determine whether the rate of bone resorption was reduced to a lower level or inhibited such that no resorption was 
occurring. The use of these terms together precludes the need to distinguish such events. 

[0046] The peptides of the invention also can alter c^fa integrin receptor-mediated binding. As used herein, the term 
"alter" is used in its broadest sense to indicate an increase or decrease in binding. For example, when present in 
solution, the peptides of the invention can decrease a^g binding to a ligand by competing with the ligand for the integrin 
receptor. A peptide of the invention also can be attached to a solid substrate, which can increase binding of the otyjjg 
receptor to the substrate. Thus, a peptide of the invention can be useful, for example, for altering angiogen es is in a 
tissue. For example, an endothelial cell can be contacted with a peptide of the invention, which can inhibit the binding 
of an endothelial cell to a matrix, thereby reducing or inhibiting angiogenesis. Alternatively, a peptide of the invention 
can be immobilized onto a matrix such that endothelial cells can bind to the matrix, thereby increasing angiogenesis 
in or around the matrix. 

[0047] Integrin-ligand binding can be inhibited and binding can be disrupted by synthetic peptides comprising the 
RGD sequence (see, forexample ! US 4 : 61 4,51 7 issued 9/30/86; US 4,792,525 issued 12/20/88; US 4,988,621 issued 
1/29/91 , each of which is incorporated herein by reference). RGD-containing peptides have been shown to block os- 
teoclast adhesion in vitro (Horton etal., J. Bone Miner. Res. 8:239-247(199311 Echistatin is a natural RGD-containing * 
protein that is isolated from snake venom. Echistatin binds to osteoclasts in a nonselective manner and inhibits bone 
resorption in vitro (Sato e\ al., J. Cell Biol. 111:1713-1723 (1990); EP 437,367) and in vivo (Fisher et al., Endocrinology 
132:1411-1413(1993). 

[0048] The potency and selectivity of an RGO peptide toward an integrin receptor can be improved by restricting the 
n umber of conformations the peptide can adopt (Pierschbacher and Ruoslahti, J. Biol. Chem. 262: 1 7294- 1 7298 ( 1 987); 
WO 89/05150). Conformational restraint of a peptide can be induced by various means including, for example, cycli- 
zation. The concept of using cyclic RGD peptides, modeled after echistatin, to inhibit osteoclast attachment to bone 
has been broadly described (EP 437,367), and osteoclast attachment inhibiting activities of several cyclic RGD peptides 
have been reported (Bertolini et al., In 13th Ann. Mtq. Am. Soc. Bone Miner. Res. , abstract 252 (1991); Horton et al., 
supra, 1993). 

[0049] in one aspect, an RGD peptide useful as a therapeutic for unwanted bone resorption, angiogenesis or rest- 
enosis is receptor selective in targeting only the one or few integrins involved in bone resorption, angiogenesis or 
restenosis, respectively, and not others. As a result, an RGD peptide of the invention can preferentially inhibit, for 
exampie, the binding of osteoclasis, as compared to other cell types, to bone. In another aspect, a therapeutically 
useful RGD peptide is potent and, therefore, effective at a relatively low dose. A peptide having both potency and 
selectivity is particularly useful for reducing or inhibiting bone resorption. In comparison, a peptide such as TL940 that 
is potent but can bind both a^g and ot, tb P3 receptors can be useful for reducing or inhibiting restenosis. The present 
invention provides RGD peptides having one or more of these characteristics and provides methods for evaluating 
RGD peptides to identify selective and potent peptides and methods of using the RGD peptides of the invention to 
inhibit bone resorption, angiogenesis or restenosis. 

[0050] The present invention also provides a series of in vitro and in vivo assays useful for screening a panel of 
peptides in order to identify peptides that can reduce or inhibit bone resorption or that can alter integrin binding such 
as ccyPg integrin receptor-mediated binding. Such peptides can include, for example, peptides within the pharmacophore 
groups exemplified herein or peptides within other pharmacophore groups. The series of assays disclosed herein is 
particularly useful for determining the selectivity and potency of a peptide for reducing or inhibiting bone resorption. 
The selectivity of a peptide for an integrin receptor involved in osteoclast binding to bone can be determined, for 
example, using the integrin receptor assays and cell attachment and detachment assays described herein. Use of cell- 
based assays in conjunction with receptor-based assays is informative because the receptor ELISAs provide useful 
information regarding the binding characteristics of a particular peptide toward a particular integrin and because the 
cell-based assays confirm that those characteristics are relevant to the o^pg receptor or to bone resorption. 
[0051] A peptide that selectively binds an integrin receptor involved in osteoclast binding to bone and that causes 
detachment of osteoclasts, but not other cell types, can be identified as a selective peptide and can be further examined 
for its potency by comparing the IC50 value of the peptide with other peptides. Thus, the disclosed series of assays 
provides a means for identifying a potent and/or selective peptide, which can reduce or inhibit bone resorption or alter 
ctvPg binding. 

[0052] A potent or selective RGD peptid can be administered to a subject such as a human in order to reduc or 
inhibit bone resorption, angiog nesis or restenosis in the subject. With regard to bone resorption, the subject has a 
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pathology that is charact rized by an undesirable balanc of bone resorption as compar d to bon formation, resulting 
in excessive bone resorption. An eld rly person suffering from osteoporosis is an exampl of a subject having such a 
pathology. Other relevant pathologi s include, for example, Paget's disease, osteoclastoma and the pathological loss- 
of bon that occurs in an astronaut during a space mission or in a person exposed to a minimal gravity nvironment. 
Furthermore, bone loss can occur in a bon that is imm bifized in a cast, in a subject r stricted to a prolonged.period 
of bed rest and in a subject undergoing kidney dialysis. Administration of an RGD peptide of th invention can reduce 
or inhibit the rate of bone resorption in each of these subjects. Thus, the peptides of the invention are particularly useful 
as medicaments, wherein administration of such a peptide to a subject can decrease the amount of bone loss, angio- 
genesis or restenosis in the subject. 

[0053] An oc^ selective peptide of the invention also can be useful in a pathology such as cancer, provided the 
cancer cell, for example, expresses the Oy$ 3 integrin. Administration of a peptide of the invention to a subject having 
such a pathology can inhibit attachment of the ot^ integrin-containing cell to extracellular matrix proteins or other 
relevant ligands involved in tumor cell metastasis (Nip et al., J. Clin. Invest. 90: 1 406-1 41 3 ( 1 992); Gladson and Cheresh, 
J. Clin. Invest. 68: 1 924-1 932 (1 991 ), each of which is incorporated herein by reference). Peptides of the invention that 
can inhibit ot v p 3 integrin binding to a Iigand and, thus, can be effective in treating a pathology such as cancer are 
evaluated using methods known in the art and described, for example, by Hardan et aL. Intl. J. Cane. 55:1023-1028 
(1993); MurthyetaL, Clin. Expt. Metast. 10:39-47 (1992V and Komazawa et aL, Clin. Expt. Metast. 11:482-491 (1993), 
each of which is incorporated herein by reference. „ . 

[0054] The 0^3 integrin also is involved in the binding of endothelial cells to von Willebrand factor (VWF)i This 
binding is necessary for maintaining the integnty of the blood vessel wall and permitting new blood vessef formation 
and blood vessel wall repair (Denis et aL. Blood 82: 3622-3630 (1993)). 0^3 receptor selective peptides can be used 
to strengthen attachment of endothelial cells to vessel walls or to inhibit the interaction of an endothelial cell and VWF 
Similarly, angiogenesis depends on interactions between endothelial cells and cc^ integrins (Brooks et al., supra, 
1 994a). Pathologies such as diabetic retinopathy, rheumatoid arthritis and cancer can result due to'pathologies affecting 
these interactions. Thus, peptides that are selective for binding to the 0^3 integrin can bind c^ps and block its binding 
to a Iigand. Such selective binding by a peptide of the invention can provide a means of treating an cs v P 3 -related pa- 
thology, including, for example, the restenosis that occurs in an arterial wall following angioplasty or the angiogenesis 
that occurs during growth and metastasis of a tumor 

[0055] Peptides selective for binding to 0^3 also can affect binding to the a IIb p 3 integrin, which is involved in platelet 
aggregation. For example, the peptide RGD(YOMe)RE -NhU (TL940; see Figure 2) has an IC50 value of 0.0042 uM in 
an 0^3 EUSA and is highly potent at inhibiting platelet aggregation (IC50 = 0.82 u.M). Thus, an ct^ selective peptide 
also can be useful, for example, for treating a pathology such as restenosis, which involves the cc,,^ receptor (Choi 
et al. , supra, 1 994; Topol et al., supra, 1 994). Similarly, peptide ligands for the a lte p 3 receptor can be useful for inhibiting 
bone resorption or for reducing or inhibiting restenosis. Assays useful for evaluating the reactivity of a peptide with 
a„ b P 3 , including whether the peptide can inhibit platelet aggregation, are known in the art and described herein and, 
for example, in International Publication No. W091/15515, published October 17, 1991, which is incorporated herein 
by reference. 

[0056] The in vitro assays disclosed in Example II also can be used to identify receptor selective peptides of the 
invention that have various specific in wtoand in vivo utilities. For example, a receptor selective peptide of the invention 
can be immobilized on a supporting matrix such as a natural or synthetic surface. Such a peptide coated surface can 
be useful for separating in vitro a population of cells that express a specific receptor from cells that do not express the 
receptor. For example, a peptide that selectively binds 0^5, but not <x s ^ or 0^3, can be used to isolate a population 
of normal articular chondrocytes, which primarily express 0^5 integrin receptors, from cells that express 0^3 and/or 
ot 5 p 1 integrins. A peptide coated matrix can be produced by immobilizing the peptide on the matrix, for example, through 
a covalent or non-covalent bond or other interaction such that the peptide is associated with the matrix. 
[0057] Various receptor selective peptides are disclosed herein or can be identified using the methods in Example 
II. For example, peptides 159, 487 and 750 have higher affinity for 0^3 than for 01^5 and o^. Thus, peptides 159, 
487 and 750 can bind with greater affinity to a cell such as an osteoclast, which expresses 0^3, as compared to a cell 
that expresses 0^5 and receptors. In comparison, peptides 100, 825, 390 and 310 are more selective toward 
OsPt than toward 0^5 and can be useful to isolate a population of cells expressing an ct 5 p 1 receptor. 
[0058] The receptor selectivity of a peptide of the invention also can be used advantageously in vivo. For example, 
a peptide coated matrix as described above can be implanted into a subject in order to facilitate localization of cells 
expressing a specific integrin receptor at the implant site. For example, peptide 214 as described above can be useful 
for inducing the localization of osteoclasts at a site of bone hypertrophy as occurs in a pathology, such as osteopetrosis 
or senile ankylosing hyperostosis of the spine, or can be useful for inducing angiogenesis, for example, when performing 
natural or artificial vascular grafts or dermal replacements. Thus, a peptide of the invention can be useful for increasing 
angiogenesis where such angiogenesis is otherwise insufficient. In addition, peptides 100, 825, 39Q and 310, as de- 
scribed above, can be useful for inducing -mediated fibronectin matrix assembly, for example, in a wound. If de- 
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sired, the peptides of th invention can b administered to a subject in soluble form and, therefore, can b useful for 
preventing a s fa -mediated fibronectin matrix assembly in a wound in order to prevent, for example, excessive scarring. 
Thus, the receptor sel ctivity of thedisclosed peptides as sh wn, for example, in Figure 2 defines various utilities for 
the specific peptides. 

[0059] An RGD peptide of the invention also can be used to reduce or inhibit angiogenesis under conditions where 
the occurrence or amount of angiogenesis is inappropriate. As used herein, th term "inappropriate" when used in 
reference to angiogenesis means an unwanted or excessive growth of blood vessels. For example, tumor growth is 
dependent, in part, on angiogenesis, which facilitates nutrient transport to the proliferating tumor cells. Such angio- 
genesis is unwanted from a clinical perspective and, therefore, inappropriate as defined herein. In addition, a pathology 
can be associated with excessive angiogenesis, in which a case a peptide of the invention can be useful for reducing 
or inhibiting angiogenesis. Thus, an objective of the present invention is to provide an RGD peptide of the invention to 
a subject having a pathology characterized, in part, by inappropriate angiogenesis for the purpose of reducing or in- 
hibiting such angiogenesis. 

[0060] The invention provides pharmaceutical compositions comprising an FGi: peptide of the invention, which can 
reduce or inhibit bone resorption, angiogenesis or restenosis or alter c^fc binding, and a pharmaceutical^ acceptable 
carrier. Pharmaceuticalfy acceptable carriers are well known in the art and include, for example, aqueous solutions 
such as physiologically buffered saline or other solvents or vehicles such as glycols, glycerol, oils such as olive oil or 
injectable organic esters. A peptide of the invention also can be encapsulated within a biodegradable or non-biode- 
gradable polymer. 

[0061] A pharmaceutical^ acceptable carrier can contain physiologically acceptable compounds that act, for exam- 
ple, to stabifize an RGO peptide of the invention or to increasethe absorption of the peptide. Such physiologically, 
acceptable compounds include, for example, carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such 
as ascorbic acid or glutathione, chelating agents, low molecular weight proteins or other stabilizers or excipients. One 
skilled in the art would know that the choice of a pharmaceutical^ acceptable carrier, including a physiologically ac- 
ceptable compound, depends, for example, on the route of administration of the RGD peptide and on the particular 
physico-chemical characteristics of the specific peptide. 

[0062] A pharmaceutical composition composing an RGD peptide of the invention can be useful for ameliorating the 
severity of a pathology characterized, in part, by the involvement of <\fc integrin receptor-mediated binding of a cell. 
Such pathologies are manifested, for example, by an undesirable level or occurrence ot bone resorption, angiogenesis, 
neointimal hyperplasia or restenosis in a subject, wherein the undesirable level can be undesirably high or undesirably 
low. For example, a pathology such as osteoporosis or cancer is characterized, in part, by undesirably high levels of 
bone resorption or angiogenesis, respectively. In these cases, an objective of the present invention is to decrease ct^ 
integrin receptor-mediated binding of a cell to a matrix. In addition, a pathology can be characterized, in part, by an 
undesirably low level, for example, of bone resorption and, therefore, an objective would be to increase osteoclast 
binding to the bone matrix by coating the matrix with an RGD peptide of the invention. Thus, the term "pathology" is 
used broadly herein to include any condition characterized, in part, by an undesirable level of bone resorption, angio- 
genesis or restenosis. The present invention provides compositions and methods for ameliorating the severity of such 
a pathology. As used herein, the term "ameliorate" has its commonly known meaning of "make better," "improve,' "al- 
leviate" or "relieve." 

[0063] A peptide of the invention can be administered, for example, to a subject suffering from a pathology such as 
osteoporosis, which is characterized, in part, by bone resorption, or a pathology such as cancer, which is characterized, 
in part, by angiogenesis of the growing tumor, wherein such administration can ameliorate the severity of the pathology 
Similarly, an RGD peptide of the invention can be administered to a subject treated by angioplasty in order to ameliorate 
the severity of restenosis, which can be a pathologic response to angioplasty. 

[0064] A peptide of the invention also can be administered to a subject experiencing, for example, abnormal bone 
growth, in which case the RGD peptide can be used to increase the cc^ integrin receptor-mediated binding of oste- 
oclasts to the bone by coating the bone matrix with an RG D peptide of the invention such that the peptide is immobilized 
on the matrix. In addition, a peptide of the invention that is selective for ct^ binding can be useful, for example, for 
treating osteoporosis by immobilizing such peptides to a bone surface in order to promote adhesion of osteoblasts, 
which are involved in bone formation, to the bone surface. In view of the present disclosure, other uses for the RGD 
peptides of the invention would be known to those skilled in the art and are described, for example, by Grzesik and 
Robey, J Bone Min. Res. 9:487 (1994). Furthermore, it is recognized that a peptide of the invention can be useful in 
a soluble form, in which case it can interfere with the binding of an a^-containing cell with a matrix, or can be useful 
when immobilized on a matrix, in which case it can mediate the binding of an o^-containing cell to the coated matrix. 
[0065] One skilled in the art would know that a pharmaceutical composition comprising an RGD peptide of the in- 
vention can be administered to a subject having a pathology characterized, in part, by bone resorption, angiogenesis 
or restenosis by various routes including, for example, orally or parenterally, such as intravenously, intramuscularly, 
subcutaneously or intraperitoneally or by passive or facilitated absorption through th skin using, for example, a skin 
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patch or transdermal iontoph resis, respectively. Furtherm re, the composition can b administered by injection, in- 
tubation or topically, the latter of which can be passive, for example, by direct application of an ointment or solution, 
or active, for example, using a nasal spray or inhalant, A pharmaceutical composition comprising an RGD peptide of. 
th invention also can be administered as a topical spray, in which case on comp nent of the composition can be an 
appropriate propellant. The pharmaceutical comp sition also can b incorporated, if desired, into liposomes or micro- 
spheres or can be microencapsulated in other polymer matrices (Gregoriadis, Liposome T chnoloqy . Vol. 1 CRC Press, 
Boca Raton. FL 1984), which is incorporated herein by reference). Liposomes, for example, which consist of phos- 
pholipids or other lipids, are nontoxic, physiologically acceptable and metabolizable carriers that are relatively simple 
to make and administer. 

[0066] In order to ameliorate the severity of a pathology characterized, in part, by bone resorption, angiogenesis or 
restenosis in a subject or to alter c^fa or other integrin binding, an RGD peptide of the invention must be administered 
in a therapeutically effective amount, which is about 0.01 to 100 mg/kg body weight/day. As used herein, the term 
"therapeutically effective amount' means an amount of a peptide that can ameliorate the severity of a pathology char- 
acterized, in part, by bone resorption, angiogenesis or restenosis in a subject 

[0067] A therapeutically effective amount of a peptide can be determined using methods known to those in the art, 
including the methods described in Examples II and III, below. A therapeutically effective amount of a peptide can be 
administered to a subject as a single dose, either as a bolus or by infusion over a relatively short period of time, or can 
be administered using a fractionated treatment protocol, in which the multiple doses are administered over a more 
prolonged period of time. One skilled in the art would know that the concentration of an RGD peptide of the invention 
required to obtain a therapeutically effective amount in a subject depends on many factors including the age and general 
health of the subject as well as the route of administration and the number of treatments to be administered. In view 
of these factors, the skilled artisan would adjust the particular dose so as to obtain a therapeutically effective amount 
for ameliorating the severity of a pathology characterized, in part, by bone resorption, angiogenesis or restenosis in a 
subject. 

[0068] An RGD peptide of the invention is useful for reducing or inhibiting osteoclast binding to a matrix in vitro. As 
generally described in United States Patent Numbers 4,614 ; 517, 4792,525 and 4,988,621, supra, RGD-containing 
peptides in solution bind to integrins that are expressed on the surface of a cell and either prevent the cell from attaching 
to a matrix or effect detachment of the cell from a matrix. In addition, when RGD-containing peptides are coated onto 
a surface, a cell that expresses an integrin reactive with the peptide can bind to the surface. Thus, the peptides of the 
invention can be used to alter the ability of a cell expressing an integrin to attach to a solid matrix such as a tissue 
culture plate, a prosthetic device or an artificial extracellular matrix (see, for example, WO 90/06767, which is incor- 
porated herein by reference). Since peptides of the invention also can demonstrate receptor selectivity, they are par- 
ticularly useful for inhibiting the binding of a cell expressing the integrin to such a matrix. 
[0069] The following examples are intended to illustrate but not limit the present invention. 

EXAMPLE I 

Synthesis of RGD Peptides 

[0070] This example provides methods for chemically synthesizing the RGD peptides of the invention. 
A. Synthesis of cyclic peptides having disulfide bonds: 

[0071] Peptides were synthesized by the solid-phase method utilizing an automated synthesizer (Applied Biosys- 
tems, Inc. Model 431 A) (see Steward and Young, In Solid Phases Peptide Synthesis . 2nd ed. (Pierce Chemical Co., 
Rockford, IL, 1984), which is incorporated herein by reference). Peptides having a C-terminal amide were synthesized 
using p-methlybenzhydry (amine (pMBHA) resin. Peptides having a C-terminal acid were synthesized using chlorometh- 
ylated resin. Peptides having an N-terminal acetyl group were acetylated using a mixture of acetic anhydride (20 eq) 
and diisopropylethylamine (20 eq) in N-methylpyrrolidone. 

[0X372] N-terminal tertbutyloxycarbonyl (Boc) protection was employed for ail amino acids. Boc-Arg(Tos)-OH Boc- 
Asp(OcHx)-OH, Boc-Cys(4-MeBzl)-OH, Boc-Gly-OH, Boc-Hpa-OR, Boc-Lys(CZ)-OH, Boc-Pen(4-MeBzl)-OH, Boc-(D) 
Pen(4-MeBzl)-OH : Boc-Pro-OH, Boc-Tlc-OH, Boc-7-OMe-Tic and Boc-Tyr(Me)-OH were purchased from Bachem Inc. 
(Torrance. CA). The following compounds were synthesized using the methods described in the indicated references: 
Boc-ldc-OH (Sancy, In Organic Syntheses 63:160-170 (1984)); Boc-Dtc-OH (Martin etal.. EP 432,695); Boc-OiC-OH 
(Vincent et al., TetrLett 23: 1677-1680 (1 982)); and Boc-Tca-OH (Yabe et aL. Chem Pharm. Bull. 26:993-997 (1 978), 
each of which is incorporated herein by reference). Mamb (m-(aminomethyl) benzoic acid) was prepared as described 
by Jackson et al. (J. Am. Chem. Soc. 116:3220-3230 (1994), which is incorporated h rein by reference) and was 
incorporated into a peptide using an oxime resin. Dicyclohexylcarbodiimide and hydroxybenzyltriazole wer used in 
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the coupling reactions. The extent of the reactions was monitored using the standard ninhydrin test 
[0073] Following synthesis, the peptides w re removed from the resin and deprot cted by adding anhydrous hydro- 
gen fiuorid (HF; 10 ml/g f resin-bound peptide) containing anisole (1 ml/g) at 0°C for 60 min. The HF was removed 
by evaporati n and the residu was washed with anhydrous ther. The crude p ptides were extracted with water or 
5 15% aqueous acetic acid and the aqueous fractions were combined and lyophilized/Peptides wer purified and char- 
acterized as described below. 

[0074] The crude acyclic peptide was dissolved in 0. 1 M ammonium bicarbonate (0.5 mg/ml) and stirred uncovered. 
The course of the reaction was monitored by HPLC. After cyclization was complete (several hours to several days), 
the solution was filtered and the peptides were purified and characterized as described below. 

w 

B. Synthesis of cyclic peptides having lactam bridges: 

[0075] Cyclic peptides having a lactam bridge were synthesized as outlined herein. The protected peptide resin was 
synthesized using the pMBHA resin. The lactam bridge was formed while the peptide was on the resin using the method 
is described bv Felix etaL Int. J. Peat. Prct. Res. 31:231 (1968) and by Felix et at., Int. J. Pept. Prot. Res. 32:441 (1988), 
each of which is incorporated herein by reference. - - ~r 

[0076] Essentially, the method of Felix et al. uses N a -Boc-amino acids together with 9-fluorenylmethyl ester (OFm) 
side-chain protection. Asp and Glu were introduced using 8oc-Asp(OFm)-OH and Boc-Glu(OFm)-OH. After coupling 
the final amino acid, OFm protecting groups were selectively removed by treating the peptide resin with 50% piperidine 
20 jn dimethylformamide for 1 hr. The peptide resin was washed with 3 x 40 ml dichiorom ethane and mixed with a 6-fold 
excess of BOP reagent (ben2otriazol-1-yl-oxy-tris-(dimethylamino)phosphonium hexafluorophosphate) in the pres- 
ence of an 8-fold excess of diisopropylamine for 5 hr Coupling reactions were repeated until the resin gave the negative 
ninhydrin test. 

[0077] After the cyclization reaction was complete, peptides were removed from the resin and de protected using 
25 anhydrous HF (1 0 ml/g of resin-bound peptide) containing anisole (1 ml/g) at 0*C for 60 min. The HF was removed by 
evaporation and the residue was washed with anhydrous ether. The crude peptides were extracted with water or 15% 
aqueous acetic acid and the aqueous fractions were combined and lyophilized and purified and characterized as de- 
scribed below. 

30 C. Purification and Characterization of the Peptides 

[0078] The crude peptides were purified via preparative RP-HPLC on a C 18 silica gel column (Waters Delta-Pak, 15 
um, 300 A, 47 x 300 mm) eluting with a linear acetonitrile gradient (0-30%) with a constant concentration of trifluoroacetic 
acid (TFA; 0.1%, v/v) over 30 min at a flow rate of 40 ml/min. The punfied peptides were analyzed by analytical RP- 

35 HPLC using a C-1 8 column ( Vydac, 5 um, 300A, 4.5 x 250 mm). The purified peptides were recovered by fyophilization 
of the HPLC fractions and were at least 95% pure. For analytical HPLC, a binary solvent system, water containing 
0.1% TEA and acetonitrile containing 0.1% TFA as the organic modifier, was used. The solvent programs involved 
linear gradients as follows: (1 ) 10-45% acetonitrile over 35 min with a flow rate of 1 .5 ml/rnin and (2) 0-70% acetonitrile 
over 30 min with flow rate of 1 .5 ml/min. 

40 [0079] In some cases, the peptide was adjusted to a neutral pH and potassium ferricyanide was added to the TFA 
peptide to minimize polymerization that might result due to the presence of the reducing agent. The potassium ferri- 
cyanide was removed by ion exchange chromatography and the peptides were lyophilized. The presence of thiol re- 
ducing agents, which indicates the need to add potassium ferricyanide, can be detected using Ellman's test (Arch. 
Biochem. Biophvs. 82: 70 (1959), which is incorporated herein by reference). 

45 [0080] To confirm the correct amino acid sequences as shown in Figures 2 and 3 were synthesized, the peptides 
were characterized by fast atom bombardment mass spectroscopy and by amino acid analysis. Amino acid analysis 
was performed on a Pickering Labs-Trione amino acid analyzer that was equipped with spectra-physics UV detector. 
Hydrolysis of peptide samples for amino acid analysis was performed on 1 mg samples with 1 ml constant boiling 6N 
HCI. Samples were degassed, sealed under vacuum and heated for 24 hr at 110°C. 

so 

D. Synthesis of fH(methylsulfonyl)aminolalanine 

[0081] This example describes the synthesis of (5-[(methylsulfonyl)amino]alanine (Msa). Psa and Tfsa were synthe- 
sized according to the same procedure, except that methanesulfonylchloride was replaced with phenylsulfonylchloride 
ss for synthesis of Psa and with trifluoromethylsulfonylchloride for synthesis of Tfsa. 

[0082] Msa was synth sized using the general procedure of Krchnak et al., Collection Czechoslov. Chem. Comm. 
44:2161-2164 (1979), which is incorporated her in by ref rence). To a stirred solution of N a -tertbutyloxy carbonyl-a 
P-diaminoprop ionic acid (700 mg, 3.43 mmol) in 1 N NaOH (34 ml) was added a solution of methanesulfonyl chloride 
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(530 uJ, 6.S6 mmof) in acetone (30 ml). 

[0083] After 1 hr, the reaction was extracted 2x with ether and acidified to pH 2 using 1 N HCI. The aqueous phase 
was extracted 3x with ethyl acetate and the combined rganic phases were dried (MgS0 4 ) and concentrated to produce 
an oil. Msa was purified by silica g I chromatography using ethyl acetate/ethanol/acetic acid (95.8:4:0.2) as eluant. 
s 300 mg Msa was obtained and was used in the standard solid phas peptide synthesis protocol. 1 H-NMR analysis: 
(MeOE, D 4 ; 300 MHz) 4.2 ppm; (m, 1H). 3.3-3.6 ppm; (m, 2H). 2.95 ppm; (s. 3H). 1.4 ppm (s, 9H). ; ! 

EXAMPLE II 

10 RGD Peptide Activity In Vitro 

[0084] This example describes a series of assay useful for determining the activity of an RGD peptide for inhibiting 
bone resorption, including inhibiting the binding of an osteoclast to a matrix in vitro. 

15 A. Preparation of Assay Reaoents: 

1 . Isolation of human vitronectin .*.-'.. 
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[0085] Human plasma was clotted by adjusting the sample to 20 mM CaCI 2 , then stirring for 1 hr at room temperature 
(RT), followed by 2 hr at 4°C. The plasma was fractionated by centrif ugation at 3000 rpm for 1 5 min (Sorvall centrifuge 
with GS3 rotor) and the supernatant was retained. . - ~ 

[0086] The supernatant was adjusted to 1 mM phenylmethylsulfonyl fluoride (PMSFys mM EDTA. A column con- 
taining 75 ml Sepharose CL-4B (Pharmacia; Piscataway NJ) was equilibrated using five column volumes (5 vol) phos- 
phate buffered saline (PBS), the supernatant was added and the flow-through fraction was collected. The flow-through 
fraction was applied to a column containing 50 ml heparin-Sepharose, which was made by swelling heparin-Sepharose 
CL-6B (Pharmacia) with PBS for 5 min in a sintered glass funnel, then washing with PBS for 15 min The heparin- 
Sepharose was poured into a column, washed with 3 vol Buffer B (5 mM EDTA, 2 M NaCI, 10 mM sodium phosphate 
pH 7.7) and equilibrated with 5 vol PBS. The dye-colored flow-through fraction was collected, solid urea was added to 
a final concentration of 8 M and the sample was incubated with stirring for 2 hr at RT. 

[0087] The heparin Sepharose column was washed with at least 3 vol Buffer C (5 mM EDTA, 8 M urea, 10 mM 
sodium phosphate, pH 7.7, 10 mM 2-mercaptoethanol, 2M NaCI) and equilibrated with 5 vol Buffer A (5 mM EDTA 8 
M urea, 10 mM sodium phosphate, pH 7.7). The flow-through fraction from above was loaded onto the column The 
column was washed with 3 vol Buffer A, followed by 3 vol Buffer A containing 140 mM NaCI and by 1 vol Buffer A 
containing 140 mM NaCl/10 mM 2-mercaptoethanol. After 2 hr, the column was washed with 3 vol of the same final 
buffer. 

[0088] Vitronectin (Vn) was eluted using Buffer D (Buffer A containing 0.5 M NaCI). The fractions were evaluated by 
S% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under non-reducing conditions The pres- 
ence of Vn was confirmed by identifying the characteristic 65 kilodalton (kDa) and 75 kDa bands. In some instances 
Vn was confirmed by western blot analysis using a specific anti-Vn antibody (8Eb; Hayman et al Proc Natl Acad' 
Sc^USA 30:4003-4007 (1 983), which is incorporated herein by reference). Western blot analysis was performed using 
a standard method as described, for example, by Sambrook et al., Molecular Cloning: A laboratory manual (Cold Spring 
Harbor Laboratory Press 1989), which is incorporated herein by reference. 

2. Isolation of human fibronectin 

[0089] Frozen human plasma was thawed at RT, then adjusted to 100 u.M PMSF. The plasma was fractionated by 
centrif ugation at 3000 rpm for 1 5 min in a Sorvall centrifuge (GS3 rotor) and the supernatant was collected 
[0090] A column containing 300-500 ml Sepharose 4B was equilibrated with 1 I Buffer E (8 g KCI. 8 g KH 2 P0 4 320 
g NaCI, 86.8 g NaHP0 4 per liter). The plasma supernatant was added to the column and the flow-through was collected 
from the time the yellow<:olored plasma enters the Sepharose until the time the eiuate became clear Two vol Buffer 
E were added to the column as a wash buffer to 'push" the plasma through the column. 

[0091] A column containing 50 ml gelatin Sepharose 4B was prepared in a Kontes column and equilibrated with 500 
ml Buffer E. The flow-through from the Sepharose 4B column was loaded at a rate of 2 ml/min or slower The column 
was washed with 500-1000 ml Buffer E or until OD 280 was below 0.10. 

[0092] Three to five vol Buffer F (0.05 M Tris. 4.5 M urea, pH 7.0) were used to elute plasma fibronectin (Fn) One- 
quarter column vol fractions were collected and evaluated by 8% SDS-PAGE under reducing conditions. The presence 
of Fn was confirmed by identifying the characteristic band migrating at approximately 210-250 kDa In som cas s 
the presence of Fn was confirmed by western blot analysis using a specific anti-Fn antibody (3E V Pi rschbacher et 
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al., CeH 26:259-267 (1981), which is incorporat d herein by reference): * 

[0093] Peak fractions containing Fn were pooled and th optical density was measured. If necessary, th pooled 
fraction was diluted until an OO^ reading corresponding to 1 mg/ml Fn was obtained. Th sampl then was dialyzed 
against PBS and stored at -20°C in PBS in a non^frost free freezer. 

3. Preparation of 110 kDa fibronectin fraqm nt - * 

[0094] Fibronectin was purified as described above and diaiyzed against 3 changes of 1 00 vol Buffer G (0.05 M Tris, 
0.3 M NaCI, pH 8.3-8.5). The urea concentration decreased to below 0.1 M. 

[0095] Chymotrypsin was added at a concentration of 0.001 mg chymotrypsin/mg Fn. The digestion mixture was 
incubated overnight at 4°C with gentle rocking. The presence of complete digestion was confirmed by SOS-PAGE 
analysis of pre- and post-digestion samples. The digested Fn sample was dialyzed against 2 changes of 1 00 vol Buffer 
H (0.1 M NaHC0 3 , 0.5 M NaCI, pH 8.0). The pH of the dialyzed digest was between pH 8-9. 

4 Purification of human cl,$* vitronectin receotor (VnR) 

[0096] Human placenta was homogenized and washed on ice in 225 ml of Tris-buffered saline (TBS; pH 7.4-7.5; 
4°C), then fractionated by centrifugation at 3000 rpm for 15 min at 4°C. The supernatant was discarded and the pellet 
was extracted with 225 ml TBS containing 100 mM octyl-glucopyranoside (OG). Extraction was performed at 4°C, on 
ice, for 30 min, with stirring every 10 min. The extract was fractionated by centrifugation at 3000 rpm for 20 min and 
the supernatant was collected. The supernatant which contained the 0^5 Vn receptor (VnR), was adjusted to 3 mM 
CaCI 2 . 

[0097] Two tandem Kontes (Fisher Scientific) columns were prepared using equal volumes of Sepharose 4B or 6B. 
Both columns were equilibrated with 10 vol cold (4 °C) Buffer I (1 X TBS, pH 7.4, 50 mM OG, 3 mM CaCI 2 , 20 u,g/ml 
PMSF). One column contained Vn (Vn column) and was prepared as follows. Vn was dialyzed against 2 to 3 changes 
of coupling buffer (0.1 M NaHC0 3 , 0.5 M NaCI, pH 8.3). CnBr-Sepharose was swelled in 1 mM HCI, washed with 
coupling buffer, then combined with Vn. Coupling proceeded for 2 hr at RT or overnight at 4 °C, followed by blocking 
with 1 M ethanoi amine or 0.2 M glycine (pH 8.0) for 2 hr at RT 

[0098] The filtered, calcium supplemented placental extract was loaded onto the Sepharose column, then run through 
the Vn column at 4 °C. The flow-through was collected in a polypropylene container for disposal. The Vn column was 
washed with 5 vol cold (4 °C) Buffer I, allowed to equilibrate to RT, then washed with another 5 vol Buffer I at RT. The 
column was slowly eluted with 3 vol Buffer J (1XTBS, pH7.4, SOmMOG, 100 u.g/ml GRGDSP (SEQ ID NO: 4) peptide, 
20 u.g/ml PMSF). Fractions were collected and evaluated by 8% SDS-PAGE under non-reducing conditions. Fractions 
snowing bands migrating at the characteristic 150, 145 and 90 kDa molecular mass of the VnR were pooled, dialyzed 
against TBS (pH 7.5) containing 50 mM CG/2 mM CaCI 2 and concentrated using an Amicon YM 30 filter. 

5. Purification of human <xcB i fibronectin receotor (FnR) 

[0099] Fibronectin receptor (FnR) was purified from 100 mM octyl-glucopyranoside-extracted human placenta. The 
procedure for purifying the FnR was the same as described for purifying the VnR through the initial Sepharose chro- 
matography step. Then, for purifying the FnR, the Sepharose 4B column flow-through was adjusted to 3 mM Mn 2 * and 
the resulting solution was fractionated using affinity chromatography on columns containing a GRGDSPK (SEQ ID 
NO: 5) peptide and the 110 kDa fibronectin fragment. Column washes and elutions were the same as described for 
purifying VnR, except that MnCfe rather than CaCl 2 was included in the wash buffer. 

[0100] Briefly, an unmodified Sepharose 4B column was equilibrated with 5 vol cold (4 °0) Buffer K (TBS, pH 7.5, 
50 mM octylglucoside, 3 mM CaCI 2 ). The flow through was collected and adjusted to a final concentration of 3 mM 
CaC^. A G RGDSPK-Sepharose affinity column (20-40 ml) was prepared using the method for preparing the Vn column, 
above, except that lyophilized GRGDSPK (SEQ ID NO: 5) was suspended in the coupling buffer and the sample was 
not dialyzed. The column was equilibrated with 200-400 ml Buffer K and placental extract was applied. The flow-through 
fraction was collected and adjusted to 6 mM MnCI 2 . 

[0101] The 110 kDa Fn fragment-Sepharose column was prepared as described for the Vn column. The column was 
preequilibrated with 5 vol cold Buffer L (TBS, pH 7.5, 50 mM octylglucoside, 3 mM MnCy, the extract was applied and 
the flow-through fraction was collected. The column was washed with 5 vol cold Buffer L, allowed to come to RT (about 
30 min), then another 5 vol Buffer L at RT was added. When the OD 280 of the flow through was below 0.02, FnR was 
eluted using 3 vol Buffer M (TBS, pH 7.5. 50 mM octylglucoside, 10 mM EDTA) at RT and one-quarter column volume 
fractions were collected. The fractions were evaluated by 8% SDS-PAGE under non-reducing conditions and fractions 
exhibiting bands migrating at the characteristic 155 kDa and 110 kDa molecular masses of FnR (Hemler, Ann. Rev. 
Immunol. 3:365-400 (1990), which is incorporated herein by reference) were pooled, dialyzed into TBS (pH 7.5) con- 
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taining 50 mM octylgIucoside/3 mM MnCI 2 and concentrated using an Am icon YM 30 filter. 

6. Purification of human c^3 n vitronectin receptor 

[01 02] The o^P-j receptor was purified from octyl-glucopyranoside-extracted human placenta prepared as described 
in Example HA, above. Two tandem Kont s (Fischer Scientific) columns were prepared using equal volumes of Sepha- 
rose 4B or 6B. The peptide VTRGDVFTK (SEQ ID NO: 6) was coupled to one column using the method described in 
Example U.S., above (peptide column). The other column was not modified (plain column). Both columns were equil- 
ibrated with 5 vol cold (4°C) Buffer N (1 X TBS, 50 mM octylglucoside, 3 mM MnCy. 

[0103] The placental extract was applied to the plain column and the flow through was applied to the peptide column. 
Following application of the flow through, the peptide column was washed with 10-15 vol Buffer N; half the washes 
were conducted at 4°C and half were at RT. Elution was with 4 vol Buffer O (1X TBS, 50 mM octylglucoside, 10 mM 
EDTA) and 1/4 vol fractions were collected. The fractions were evaluated on 8% SDS-PAGE under non-reducing con- 
ditions. Fractions containing bands migrating at the characteristic apparent 150 kDa and 90 kDa molecular masses of 
the oc v p 3 receptor were pooled and dialyzed overnight against 20 mM Tris (pH 8.0), 34.5 mM octylglucoside, 2 mM 
CaC^, and 2 mM MgCl^ 

[0104] The dialyzed receptor was loaded onto a Mono-Q column (HR 5/51; Pharmacia). The pumps were washed 
with a gradient of Buffer A, and before sample loading. Buffer A., is 20 mM Tris, pH 8.0, 34.5 mM octylglucoside, 2 
mM CaCI 2 , 2 mM MgCI 2 ; Buffer B 1 is Buffer A, containing. 1 M NaCI. Both buffers were filtered and degassed prior to 
adding octylglucoside. 

[0105] The sample was loaded onto the sample loop (valve 1.1,1 mWmtn, 0% B) and injected onto the column (valve 
1.2). One ml fractions were collected at 0.05 or 0.1 absorbance units. The appropriate fractions were run on SDS- 
PAGE and fractions containing cc^ integrin were pooled and dialyzed against TBS and 50 mM octylglucoside. The 
iniegrin was concentrated using an Amiccn YM 30 filter. 

7. Preparation of recombinant human osteopontin 

[0106] Human osteopontin was produced in CHO cells using standard recombinant DNA methods (see, for example, 
Sambrook et al. f supra, 1989). Plasmid pBS/OP (Young et al., Genomics 7:491-502 (1990), which is incorporated 
herein by reference), which contains the cDNA sequence encoding human osteopontin, was digested with Xhol, then 
treated with DNA polymerase (Klenow) and dinucleotide triphosphates to generate blunt ends. The plasmid was di- 
gested with Xbal and the approximately 1493 bp fragment containing the osteopontin cDNA insert was purified by 
electrophoresis on a 0.8% agarose gel. 

[0107] Plasmid PRC/CM V (Invitrogen; San Diego OA) was digested with BstXI and treated with DNA polymerase 
(Klenow) and dinucleotide triphosphates to generate blunt ends. The plasmid was digested with Xbal and the linearized 
vector was purified on a 0.8% agarose gel. The 1493 bp osteopontin cDNA was ligated with the linearized vector to 
produce the human osteopontin expression vector. hOP/PRC/CMV, which exhibited a 1 900 bp band following digestion 
with BamHI and electrophoresis in a 0.9% agarose gel. 

[0108] Approximately 10 u.g purified hO:/PRC/CMV DNA was cotransfected with 1 ng pSV2-dhfr into 80% confluent 
CHO cells (ATCC CRL 9096) (Subramani et aL, Mol. Cell. Biol. 1:854-864 (1981), which is incorporated herein by 
reference). Positive transfectants were grown in the presence of methotrexate and selected on the basis of dhfr ex- 
pression. Recombinant human osteopontin was purified from the CHO cell medium by immunoaffinity using rabbit anti- * 
human osteopontin antibody (Telios; San Diego CA) coupled to CNBr Sepharose 4B (Pharmacia). Purified osteopontin 
was analyzed by SDS-PAGE and migrated with an apparent molecular mass of about 72-76 kDa under non-reducing 
conditions. 

B. In Vitro Assays for Determining RGD Peptide Activity: 
1 . Chick cell detachment assay 

[0109] Peptides were evaluated for their ability to detach osteoclasts from a matrix consisting of serurn-coated mi- 
croliter plates. In prescreening assays, 5 u.M of the various RGD peptides was used to identify RGD peptides that 
released at least 60% of the osteoclasts from the matrix. For RGD peptides that were in the active range as determined 
by the prescreen. the concentration of active RGD peptide that resulted in the release of 50% of the osteoclasts (IC50) 
was determined (see Figure 4). In general, RGD peptides having an IC50 of 3.0 uJvi or less were selected for further 
examination using the assays described below However, some peptides having IC50 values greater than 3.0 ^M also 
were analyzed. 

[0110] Osteoclasts were isolated from embryonic chicks using a modification of th m thods of Boyde et al., Br. Dent 
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J. 156:216 (1984) and Chamb rs et al., Endocrinology 116:234 (1985), each f which is incorporat d herein by refer- 
ence. Briefly, chick long ban s (femur and tibia) were dissect d free f soft tissue and minced in prewarmed minimum 
essential medium (MEM, pH 7.2; Irvine Scientific; Irvin , CA) with Earl's salts, supplem nted with 10% heat-inactivated t 
fetal calf serum (FCS) and 200 mM glutamine and c ntaining 100 jig/ml streptomycin and 100 lU/ml penicillin. Cells* 
were removed from bon fragments by vigorous shaking in a capped centrifug tub . Large particulate material was 
allowed to settle prior to removal of the cell suspension. After repeated agitation of the cells with a large transfer pipette, 
100 \i\ aliquots of cells were added in triplicate to Corning 96 well microtiter plates that had been preincubated for 1 hr 
with 100 til of MEM/FCS media. 

[0111] The cells were incubated for 90 min at 37 °C in an atmosphere containing 10% C0 2 . Following incubation, 
the cell layers were carefully washed 2x with 200 ^sterile PBS, then 100 pi of fresh MEM/FCS was added. Peptides 
were diluted in the same medium and added to each well. The cells were incubated overnight as described above. 
After 20 to 24 hr, media were aspirated and the cells were fixed in 10% formalin and washed 2x with distilled water to 
remove nonadherent cells and debris. Cell layers were stained for 5 min using 0.1% crystal violet and multinucleated 
osteoclasts were counted by light microscopy. 

[0112] Figure 2 shows the IC50 values obtained for various RGD peptides and for the naturally occurring protein, 
echistatin (ECHI), using the chick osteoclast attachment assay (column designated 'chick OC "detach (FCS)"). Figure 
4 shows the dose response curves for selected RGD peptides. 

[0113] The chick cell detachment assay also was used to characterize the selectivity of an RGD peptide. The chick 
cell preparation contains a heterogeneous population of cells, including osteoclasts, osteoblasts, fibroblasts, mono- 
cytes and ether cell Woes. A nonselective peptide can inhibit the attachment of these various cell types to the matrix 
in mis a«say, wnereas a selective peptide according to this invention primarily will inhibit osteoclasts binding. 
[0114] RGD peptides that are selective for releasing osteoclasts, but not the other cell types, from the matrix were 
identified by extracting the crystal vioiet stain from fixed cells and comparing the amount of staining in a control well 
' ; sptice) with the s.-cur.t cf staining following incubation of the calls with an a G0 peptide. Crystal violet was 
extracted using 20% acetic acid and the optical density of the resulting solution was measured in 96 well microtiter 
plates by spectrophotometry at 562 nm. 

[0115] Selectivity of a peptide can be characterized as shown in Figure 5. A peptide that was relatively nonselective 
indiscriminately detached an increasing number of cells with increasing dose, yielding a declining percent attachment 
dose-response curve. In contrast, more highly selective peptides detached primarily osteoclasts and had no additional 
effect once osteoclasts were detached from the matrix until high concentrations of the peptides were attained. Such a 
selective peptide yielded a curve that was shifted to the right relative to the nonselective peptides; i.e., much higher 
concentrations of selective peptides were needed to detach ceils other than osteoclasts. As shown in Figure 5, peptides 
386 and 20, for example, yielded a curve that is shifted to the right, which indicates that peptides 366 and 20 caused 
selective detachment of osteoclasts as compared to other cell types. Figure 6 provides a different visualization of the 
cell type selectivity data and shows that increasing concentrations of a peptide can selectively detach osteoclasts, as 
evidenced by the sharp decline in the percent of attached cells, as compared to other cell types, which are not readily 
detached. 

2. Rat osteoclast bone resorption assay 

[0116] RGD peptides that were active in the osteoclast detachment assay were evaluated for their ability to inhibit 

bone resorption. The bone resorption assay further characterizes the potency of an RGD peptide. 

[0117] Bovine bone femurs were obtained from Pel-Freeze (Rogers, AZ). One inch transverse slices were cut using 

a hand saw and bone plugs were cut on a drill press equipped with a V* inch plug cutter. 600 urn thick bone slices were 

made using a Buehler Isomet 2000 diamond saw (Irvine, CA). Slices were stored in a 48 well plate containing 10% 

ethanol. 

[0118] To remove debris, each slice was sonicated (Fisher 50 Sonic Dismembrator) in 10% ethanol and transferred 
to a sterile 96 well plate. Alternatively, the bovine bone slices were stored and sonicated in PBS, then placed in individual 
wells of a chamber slide (Lab-Tek; Nunc: Naperville I L). 1 00 p.l of a medium containing 1 0% FCS and 2% streptomycin/ 
penicillin/ glutamine was added to the wells and the plates were incubated at 37 °C for 4 hr. 

[0119] In addition, tibias, femurs and humeruses were removed from ten or twelve two-day old rat pups (Harlan 
Sprague, Indianapolis, IN) and soft tissue and periosteum was removed. The bones were placed in a petri dish on ice 
and 3 ml (10 rat pups) or 4 ml (12 rat pups) of medium as above was added. The bones were minced, transferred to 
a 15 ml conical tube and vigorously shaken for 2 min. The suspension was poured through a 100 nylon mesh, 
which then was washed with 2-5 ml of medium. 

[0120] In some cases, after transfer to the 15 ml conical tube, the suspension was triturated vigorously for 2 min 
instead of shaken. The suspension was poured through the 100 urn nylon mesh and 2-5 ml m dium was added to the 
bone fragments remaining in th tube. After 2 min trituration, th suspension was filtered as befor 
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[0121] Th c II suspension was agitated using a st rile transfer pipette, m dium was removed from the w lis con- 
taining bovine bone slices and 100 uJ of the cell susp nsion (about 4 x 10* cells) was added to each well containing 
a bone slice. Peptides wer diluted in PBS, 5 uJ of th peptide solution was added to each well and the plates w re. 
incubated for i 8 to 22 hr at 37 °C in an atmosphere containing 1 0% CO^. 

[0122] When chamber slides w re used, the cell suspensi ns were added and the samples w re incubated for 30 
min at 37°C, 12.5% C0 2 . The cells then were gently r mov d from the slide chamber, I aving the bone slices in their 
gasket on the slide. Tweezers were used to remove the bone slices, which were washed in warm medium for Q sec. 
The slices were placed into the wells of a 1 2 well tissue culture plate (Coming; Coming NY) containing various peptide 
dilutions and incubated for 18-22 hr at 37°C, 12.5% C0 2 .. 

[0123] Following incubation, the supernatant was aspirated and 0.5% trypsin (1X trypsin-EDTA solution; Irvine Sci- 
entific; Santa Ana, CA) was added to each well containing abovine bone slice. After 5 or 10 min, the wells were 
aspirated and 1% Triton X-100 (Sigma; St Louis, MO) was added to dissolve the cells. The plate was shaken for 1 hr, 
then each slice was placed in deionized water, sonicated, dehydrated in 70% ethanol for 5 min and air dried. The bone 
slices were stained with Miltipore-filtered 1% toluidine blue in 1% sodium borate for 30 sec, then washed 3x with 
deionized water. Whatman No. 1 filter paper was used to blot the sample, then the slices were air dried. The number 
of pits per slice was determined by light microscopy (Labphqt-2 microscope, Nikon; Melville, NY). The IC50 value was 
obtained by comparing the number of pits on a bone slice that was treated with a peptide as compared to an untreated 
slice. The control is set at 100%, which was at least 1 5 pits/slice. Active peptides reduce the number of pits/slice. 
[0124] The results of the bone resorption assay are shown in Figure 2 (column designated "Rat Bone (Pits)'). A low 
IC50 value in this assay indicated that a relatively low concentration of the RGD peptide inhibited at least one essential 
step in bone resorption. RGD peptides that were active in this assay were considered particularly promising candidates 
for use as a pharmacological agent, since this assay utilizes a mammalian system and measures the ability of a peptide 
to effect the desired end point of inhibiting bone resorption. 

3. Rat osteoclast attachment assay 

[0125] To determine the effect of a peptide on the attachment of rat osteoclasts in vitro, 100 uJ aliquots of the rat pup. 
bone cell suspension described in Example M.B.2., above, were added in triplicate to 96 well Maxisorp plates coated 
with specific substrates or with FCS. Substrate coated plates were used to determine the ability of peptides to inhibit 
attachment or induce detachment of an osteoclast from a ligand such as vitronectin, fibronectin, osteopontin or collagen 
I (Collaborative Research), which are ligands present in bone! Substrates were added to 96 well plates (50 uJ of a 5-10 
(ag/ml solution in sodium carbonate, pH 9.5) and incubated for 2 hr at 37 "C. For FCS control wells, 100 uJ 10% FCS 
was added. Wells were aspirated, then washed 2x with PBS and blocked with 1% bovine serum albumin in PBS for 2 
hr at 37 °C. Wells were aspirated and washed again 2x with PBS. Cells were seeded in duplicate at 4 x 10 4 cells/well. 
[0126] Immediately following addition of the cells, peptides were added to each well and the plates were incubated 
for 1 hr at 37 °C, 1 0% CO a . Alternatively, peptide was added before cell addition. PBS was aspirated from the precoated 
wells and 1 0 uJ of each peptide dilution was added, then 1 00 uJ of cell suspension (about 4 x 1 0 4 ceils/well) was added. 
The plate incubated for 1 hr at 37°C, 10% C0 2 . 

[0127] Following incubation, the medium and nonadherent cells were removed by aspiration from each well. Cells 
were fixed in acetone/citrate, washed 2x with distilled water, then stained with 0.1% crystal violet for 5 min. Adherent 
osteoclasts were counted by light microscopy. The results of these experiments are shown in Figure 7 (FCS), Figure 
10 (osteopontin and vitronectin), Figure 11 (collagen) and Figure 12 (fibronectin). 

[0128] Adherent osteoclasts also were counted using immunocytochemistry. Following the 1 hr incubation of the 
cells with the peptides, 200 uJ blocking solution was added to each well and incubated for 1 hr at RT (blocking solution 
is 10% normal goat serum in 1X TBSC (IX TBSC is 0.3% casein in TBS). Immediately after aspiration,, 50 uJ of 0.1 
u,g/ml primary antibody was added to the appropriate wells and incubated 1 hr at RT on a shaker. The primary antibody 
was F-11 (Pharmingen; San Diego CA) diluted to 0.1 mg/ml with TBSC adjusted to 1:66 of normal goat serum. The 
cells then were rinsed in TBST (10X TBST is 200 uJ Triton X-100 and 100 ml of 10X TBS) and the wells were filled 
with TBST The wells were allowed to stand for 20 min on the shaker 

[0129] Immediately after aspiration of TBST, 50 u.l 1 :300 biotinylated goat anti-mouse Ab (Vector; Temecula CA) was 
added to each well. Antibody dilution was in TBSC as above. Incubation and rinsing were as described above for the 
F-11 antibody, except that the incubation time was 30 min and the shaking rinse time was to 15 min. 
[0130] After aspiration of the second rinse, an inhibiting solution (10 ml 50% methanol, 400 u,l hydrogen peroxide, 
200 u.l sodium azide) was added to each well and allowed to stand for 15 min at RT. The wells were rinsed with water, 
then filled with water and allowed to stand for 5 min. After aspiration, this rinsing procedure was repeated with 1X 
TBSABC (90 ml 10X TBS, 20.22 g NaCI, volume adjusted to 1 liter); the second rinse was allowed to stand for 10 min 
before aspiration. 

[0131] ABC solution (1 :50 avidin solution and 1:50 biotin solution (Vector) in 1 X TBSABC; fr shly made) was added 
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to each well and incubated for 30 min at RT. The wells were washed with TBSABC and shak n at low speed for 20 
min on the shaker. After aspiration, bound antibody was d tected using VIP Substrate (Vector) according to the man- 
ufacturer's recommendations. After aspiration and airdrying, adh rent osteoclasts w re count d by light microscopy. 
[0132] Mammalian osteoclasts primarily express a^fe and integrins. Human MG63 osteosarcoma cells' 
5 and normal rat kidney (NRK) cells contain cc^, ot 2 p 1 and ot^ surface receptors. For comparison to osteoclasts, these 
cells are considered normal with respect to th expression of multiple int grins capable of attachment to more than 
one ligand. Because MG63 and NRK cells lack high expression of oc^, the range of activity of peptides on these cells 
reflects the range of selectivity. 

[0133] MG63 and NRK cell lines were purchased from ATTC (Rockville MD). Cultures were maintained in DMEM 
10 containing 10% FCS. For attachment assays, cells were trypsinized, resuspended in serum-free DMEM and seeded 
in duplicate at 4 x 10 4 cells/wail in 96 well microtiter plates that had been precoated with 10% FCS. Peptides were 
added and the cells were incubated for 1 hr at 37 °C, 5% C0 2 . Following incubation, cell layers were washed gently 
with warm DMEM, fixed in 10% formalin for 25 min, then stained with 0.1% crystal violet for 5 min. Following staining, 
the stain was extracted with 20% acetic acid and the OD 562 of the extracted stain was determined. The OD values 
is obtained for wells containing peptide were compared to control wells, which represent maximum binding. The results 
of these experiments on NRK cells are shown in Figure 8 and in Figure 2 for both cell types. 
[0134] Selectivity of a peptide can be determined by comparing the results of Figures 7 and 8 (see, also Figure 2). 
Peptides that were highly active (low IC50) both on osteoclast attachment and on MG63 or NRK attachment are con- 
sidered relatively nonselective. In contrast, peptides that were highly active on osteoclast attachment but were less 
20 active on MG63 or NRK attachment are considered selective (TL191 , TL386, TL159, TL487 and TL750). 

4. JY cell attachment assay 

r : ' . JY cells are hurjran^erwed^ cells that 'exprgss ^^ti,p 0 y|i.Rr : which "is the receptor that most 

25 nkeiy is involved in osteoclast binding to bone (Stupack et al., Expt. Cell Res. 203:443-448 (1 992), which is incorporated 
herein by reference). JY cells do not express the ce^g VnR. RGD peptides were analyzed for their ability to inhibit the 
attachment of JY cells to vitronectin-coated plates. 

[0136] Binding in the JY attachment assay is particularly relevant as a measure of the potency of a peptide, since 
JY cells are human cells and the 0^3 VnR present on JY cells likely is the primary receptor involved in osteoclast 

30 attachment to bone. In chick osteoclasts, both c^fjg and 0^5 are expressed and likely involved in attachment. In ad- 
dition, the JY attachment assay, when compared with the receptor-specific enzyme-linked immunosorbent assays 
(ELISAs) described below, demonstrates the selectivity of RGD peptides for inhibiting binding due to the cc^ VnR. 
[0137] JY cells were grown in suspension in RPMl media (Irvine Scientific; Irvine, CA) supplemented with 10% heat 
inactivated fetal bovine serum (F3S) and 200 mM glutamine and containing 100 lU/ml penicillin and 100 pg/ml strep- 

25 tcnr.ycin. A 56 /vsil EUSA piece (Urorc. T^nek) -was coatee *\tn 1 OC -r 5^g/ml human Vn in sodium carbonate 
(pH 9.5) and incubated overnight at 4 a C. The plate was rinsed 3x with PBS and blocked by adding 100 ul/well of 2 
mg/ml BSA in PBS and incubating for 1 hr. Following blocking, the wells were washed 2x with PBS. 
[01 38] While the wells were being blocked, the J Y cells were rinsed 2x with PBS, then resuspended to 1 0 x 1 0 s cells/ 
ml in serum-free RPMI containing 2 mg/ml BSA, 200 mM glutamine, 100 lU/ml penicillin, 100 u.g/ml streptomycin and 

40 0.5 mM MnCt^ At this time, 50 ng/ml phorbol myristate acetate (PMA; Sigma) was added to the cell suspension. PMA 
stimulates the cells and allows them to bind Vn. 

[0139] RGD peptides were diluted in the serum-free RPMI and 50 ul of each dilution was added to duplicate wells. 
50 \s\ of the JY cell suspension was added to each well and the plate was incubated at 37 °C for 45 min, 7% C0 2 . 
Nonadherent ceils were gently aspirated from the wells and the wells were rinsed 1 x with PBS. Cells were fixed in 1 0% 
45 formalin in PBS for 10 min, then stained with 0.1% toluidine blue for 1 hr. The plate was rinsed with distilled water and 
the cells were solubilized using 1% SDS. The amount of staining was determined by spectrophotometry at 595 nm 
and the IC50 was calculated as the concentration of an RGD peptide that inhibited JY cell binding to Vn by 50% (see 
Figure 2, column designated "JY attach (ccJJg/Vn)"). 

50 5. Effect of RGD peptides on binding to a.B ? . c^B t and g.fk inteqrin receptors - ELISA 

[0140] Peptide binding to purified human 0^5 and 0^3, which are VnR's, and to which is a FnR, was deter- 
mined using competitive ELISA assays as described below. If desired, an a, lb p^ ELISA can be performed as described 
in W091/15515. 

55 

a. <*,£5 C ELISA 

[0141] For the assays, Vn was immobilized and the binding of solubilized ctyPg in the pr s nee of various con- 
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centrations of a peptide analogue was detected using a mouse monoclonal antibody to human (clone VNR 147; 
Gibco; Gaithersburg, MD). Binding of the antibody was visualized using a second antibody conjugated t hors radish 
peroxidase (BioRad; Richmond, CA). ...... 

[01 42] Microtiter plates w re coat d at RT by adding 1 00 uJ of 1 0 jig/ml human Vn in 0.05 M sodium carbonate buffer 

s (pH 9.6). The plates were incubated ov might at. 4 °C, then washed 3x with TBS containing 0.05% Twe n-20 (TBS/ 
Tween-20). RGD peptides were diluted in TBS containing 20 mM OG, 2 mM CaCfe and 2 mM MgC^ and 50 u.l was 
added to each well at 10-fold serial dilutions. Human c^Ps was diluted in the same buffer and 50 uJ was added to each 
well. Similar results were observed when the receptor was added prior to addition of the peptide. 
[0143] The plates were incubated for 3 hr at RT, then washed with 300 uJ TBS/Tween r 20 buffer. Bound receptor was 

?o incubated with 1 00 uJ of the monoclonal anti-c^ antibody (diluted in TBS/Tween-20) for 2 hr, then the wells were washed 
three times with TBS/Tween-20. 100 uJ of a 1 :3000 dilution of affinity purified goat anti-mouse IgG conjugated to horse- 
radish peroxidase was added to each well and the plates were incubated overnight at 4 °C. Following incubation, the 
plates were washed 3x with TBS/Tween-20 and 100 uJ of the substrate mixture (10 mg O-phenylenediamine in 25 ml 
0.1M citrate phosphate buffer, pH 5.0, 6 uJ 30% H 2 0 2 ) was added to the wells. The reaction was allowed to develop 

15 for 10-1 5 min in the dark, then the development reaction was stopped by adding 50 u.l of 4 N H 2 S0 4 to each well. 
[0144] The amount of reaction product was quantitated by spectrophotometry at 490 nm. The IC50 was determined 
by computer using a Molecular Devices microplate reading spectrophotometer and Softmax 2.2 software using 4-pa- 
rameter analysis. Nonspecific binding of antibody was measured in wells that did not contain receptor and this value 
was subtracted from total binding measured in wells containing receptor to yield the specific binding. 

20 * ■ * 

b. Ck3i ELISA J 

[0145] Feptide binding to purified human ct 5 p l (FnR) also was determined using a competitive ELISA. In these as- 
says, Fn was immobilized to the wells and the binding of solubilized FnR in the presence of various concentrations cf 
25 a peptide analogue was determined using a mouse monoclonal antibody to human (clone P4C1 0; Gibco) and specific 
binding was visualized using a second antibody. 

[0146] Microtiter wells were coated at RT by adding 100 uJ of 2 u^/ml human Fn in TBS and incubating the plates 
overnight at 4°C. Following incubation, the plates were washed 3x with TBS/Tween-20. RGD peptides were diluted in 
TBS containing 20 mM OG and 2 mM MnCfe and 50 uJ was added to wells at 10-fold serial dilutions. FnR was diluted 
30 in the same buffer and 50 uJ was added to each well. 

[0147] The plates were incubated for 3 hr at RT and washed with 300 uJ TBS/Tween-20. Bound receptor was incu- 
bated with 100 uJ of the monoclonal anti-^ antibody for 2 hr, then washed 3x with TBS/Tween-20. 100 uJ of a 1 : 3000 
fold dilution of affinity purified goat anti-mouse IgG conjugated to horseradish peroxidase was added to each well and 
incubated overnight at 4 °C. The amount of bound second antibody was determined as described above. 

35 

c. q,& n ELISA 

[01 48] Peptide binding to purified cc^ receptor was determined by using a competitive ELI SA, in which 0^3 receptor 
was immobilized and the binding of solubilized VN, in the presence ol various concentrations of peptide analogue, was 

40 detected using a monoclonal mouse IgG anti-VN antibody and a labelled anti-mouse IgG conjugate. A monocional 
anti-VN antibody can be obtained using routine methods (see : for example, Harlow and Lane, Antibodies: A laboratory 
manual (Cold Spring Harbor Laboratory Press 1988), which is incorporated herein by reference). 
[0149] 96 well microtiter plates were coated overnight at RT with 100 uJ/well of 0^3 receptor (0.5 u,g/ml in 1X TBS. 
4 mM octylglucoside, 1 mM CaCfe). The wells were blocked with 200 uVwell of 1% BSA in 1X TBS. 1 mM CaCfe for at 

& least 30 min. The plates were washed 2x with IX TBS, 1 mM CaCfe. 50 uJ peptide in 1X TBS, 1 mM CaCI^ 0.05% 
Tween 20 was added in 10-fold serial dilutions. 50 u.l of Vn in the same buffer then was added to each well. 
[01 50] The plates were incubated for 3 hr at RT, then washed 3x with 1 X TBS, 0.05% Tween 20. 1 0OuJ of SE6 (Telios) 
diluted to 1:6000 in 1X TBS, 0.05% Tween 20 was added to the wells and the plates were incubated for 1 hr at RT 
Plates were washed 3x with 1 X TBS, 0.05% Tween 20. Affinity purified goat anti-mouse IgG conjugated to horseradish 

so peroxidase (I00ul/well; BioRad; Hercules C A) was added to each well and incubated for 1 hratRT. Plates were washed 
3x with 1 X TBS, 0.05% Tween 20. 100 u.l/well of substrate mixture (10 mg O-phenylenediamine in 25 ml 0.1 M citrate- 
phosphate buffer, pH 5.0, 6 uJ 30% H 2 O a ) was added to the plates and allowed to develop. The development process 
was stopped by adding 50 u.1 to 4 N H 2 50 4 to each well. The plates were read at 490 nm and the data analyzed by 
four parameter fit 

55 

d. Analysis of ELISA results 

[0151] The IC50 values for various RGD peptides were calculated by determining the concentration of a peptide that 
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inhibited binding of Vn to Oyfi 5 or cc^ or of Fn to agP, by 50%. The results of these assays are shown in Figure 2 
(columns designated "Receptor Assays"). 

[0152] Comparison of the ICSO values generated using the JY cell assay and the 0^3 ELIS A, which m aisur binding ^ - 
of the 0^3 receptor involved in osteoclast binding to bone, with the 0^5 and otg^ receptor-specific ELISAs, which 
5 represent receptors that likely are not involved in osteoclast attachment, provides insight into the receptor set ctivrty 
of the peptides. For example, a peptide such as peptide 363, which has an ICSO value for the aj^ ELISA or the 0^3 
VnR present on JY ceils that is significantly lower than its ICSO value for the and receptors indicates that 
peptide 368 is a selective peptide. 

[0153] In summary, the above series of assays are useful for determining the potency and selectivity of a peptide. 
10 Examples of particularly receptor selective peptides include 386, 814, 191 . 228, 1 86, 368, 1 38, 448, 159, 487 and 750. 
Examples of particularly potent peptides include 373, 202, 1 96, 206, 1 97, 1 99, 1 83, 832, 81 2, 20, 437, 441 , 429, 11 0, 
214, 108. 431 and 751. Examples of peptides that are both potent and selective include 191, 368, 159, 487 and 750. 

6. Effect of RGD peptides on platelet aggregation 

[0154] This example provides a method for performing a platelet aggregation assay, which is a measure of peptide 
binding to the platelet On b P 3 integrin receptor. 

[0155] Platelet-rich plasma (PRP) was prepared fresh from heparinized whole blood. 0.6 ml PRP was placed in a 
1.5 ml microcentrifuge tube and centrifuged for 4 min at 1 4,000 x g. Following centrifugation, 0.5 mi supernatant (platelet 
20 poor plasma; PPP) was transferred to a 1 ml silicon coated aggregometer tube (Chrono-Log Corp.; Havertown PA) 
and placed in the PPP slot of a Chrono-Log Model 400VS aggregometer (see Tschopp et al., Thromb. Haem. 72: 
119-124 (1994), which is incorporated herein by reference). 

r0156] Platelet concentration of the PRP sample was determined using a cell counter and the sample was diluted 
hcmcicgsus PFP <:o oc:ain SCO, 000 pisraiets/ui. C.5 mi or th* diluted :- nP was ciaced in an aggregometer tube 
25 with a stir bar and incubated for 5 min at 37 *C without stirring. The tube was transferred to the PRP slot in the ag- 
gregometer and the sample was stirred at 1200 rpm for 5-10 min at 37 °C. Peptides were dissolved in physiological 
saline and added at various concentrations to a PRP sample in the aggregometer. Saline, alone, was added for control 
reactions. 

[0157] Platelet aggregation was initiated by adding adenosine diphosphate (AOP) to a concentration of 10 uM Plate- 
30 let aggregation was measured in 2 mm units from baseline (before ADP addition) to response at two min from the time 
of ADP addition or maximal response (if before 2 min), whichever is larger. Peptide inhibitory activity was determined 
by comparing aggregation in the presence and absence of peptide and the concentration (u,M) of peptide that inhibited 
platelet aggregation by 50% (ICSO) was determined. 

[0158] As shown in Figure 2, the peptides of the invention were variously effective in inhibiting platelet aggregation 
35 (column labelled 'Plate. Aggreg. (hep)'). Peptides 754 and 940 were particularly effective in inhibiting platelet aggre- 
gation at a low concentrations. These peptides also are relatively potent for binding the 0^3 and, therefore, can be 
useful for reducing or preventing restenosis (see Choi et al., supra, 1 994; Topol et al., supra. 1 994). 

7. Effect of RGD peptides on anqioqenesis 

40 

[0159] This example describes the use of the chick chorioallantoic membrane (CAM) assay to identify peptides of 
the invention that reduce or inhibit angiogenesis. 

[0160] The CAM assay is performed as described by Brooks et al., supra, 1 994a, 1 994b). Tumor culture on the chick 
CAM is accomplished using 10 day old chick embryos. A small hole is made through the egg shell at the end of the 

45 egg directly over the sac using a small crafts drill (Dremel; Racine Wl). A second hole is drilled on the broad side of 
the egg directly over embryonic blood vessels. Negative pressure is applied to the original hole, resulting in the CAM 
pulling away from the shell on the opposing side. A 1 x 1 cm window is cut in the shell and 50 mg fragments of human 
tumor, which are grown on a separate embryo CAM, is placed on the CAM of the new embryo. The window is covered 
with tape and the embryo is incubated 24 hr at 37 °C. 

so [0161] Following the 24 hr incubation period, the embryo is inoculated with 300 ^g of a peptide or with saline (control). 
Incubation then is continued for an additional 3 days, after which the tumor is resected and analyzed for angiogenesis, 
or for an additional 7 days, after which the tumor is removed and weighed to determine the change from the original 
weight. Tumors can be analyzed histologically using standard fixation and paraffin embedding procedures. 

55 
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EXAMPLE III 

RGD Peptide Activity In Vivo . 

[0162] This example provides methods for determining the activity of an RGD peptid of the inventiorTto "reduce or 
inhibit bone resorption or restenosis in vivo. 

A. Effect of RGD pep tides on parathyroid hormone-induced hypercalcemia in mice: 

[0163] This example demonstrates that the RGD peptides of the invention can inhibit parathyroid hormone-induced 
hypercalcemia, which is a measure of osteoclast activation in asubject. Parathyroid hormone (PTH) activates osteo- 
clasts, which are involved in bone resorption. Associated with the increased osteoclast activity is an increase in serum 
calcium. The PTH-induced hypercalcemia assay measures the level of serum calcium, which is an indication of bone 
resorption in a subject (Fischer et al., Endocrinology 132:1411 -1413 (1993), which is incorporated herein by reference) 
[0164] Swiss-Webster mice, which had been parathyroidectomized two weeks prior to beginning the assay, were 
obtained from Taconic Lab Animals and Services (Germantown NY). Femoral vein catheters (PE-50 fused with PElO 
polyethylene tubing; Becton Dickinson: Parsippany. NJ) were installed in the mice, flushed and locked with heparinized 
saline (1 :10), sutured to adjacent muscle and internalized within the inguinal space of the incision before closing the 
mcsion with wound clips. Baseline serum ionized calcium levels were less than 1.29 mM for mice selected for this 
study. Serum calcium measurements were performed by atomic absorption spectrophotometry using a Perkin-Elmer 
model 2380 AA spectrophotometer (Perkin-Elmer; Norwalk CT). 

[0165] The experiment was initiated by feeding the mice a calcium-deficient diet overnight tfien injecting the mice 
the following morning with a bolus of 0.2 mg PTH/kg (hPTH 1-34; Bachem; Torrance CA), intravenously. An ionized 
serum calcium level was obtained 30 min prior to PTH infusion, various doses of a peptide or vehicle were infused into 
an animal for 4 hr, then ionized serum calcium again was measured. Lyophilized peptide was redissolved in PBS or in 
water, depending on the solubility at a particular concentration. Serum calcium measurements were expressed as the 
difference between the value 30 min before the PTH pulse and 4 hr after peptide infusion was started 
[0166] One control peptide used for this experiment was echistatin (Bachem; Torrance CA), which was administered 
at doses ranging from 0-30 mg/kg/hr. Another control peptide was TL200, an RGD-containing peptide that is selective 
forme GPIIbllla integrin receptor present on platelets. The data presented-in Figure 9 demonstrate a dose responsive 
effect of the peptides. Peptides TL20 and TL191 decreased the PTH-induced rise in serum ionized calcium in a dose 
responsive manner. Peptide TL386 was analyzed at a single dose, which resulted in a relatively low level of serum 
calcium measured in animals within this group. The control peptide, TL200, did not show a dose responsive effect 
confirming the selective nature of the TL20, TL191 and TL 386 peptides. 

[0167] The ability of the peptides of the invention to reduce or inhibit bone resorption also is evaluated by determining 
the mhibition of bone loss in an ovariectomized rat, which is a model for estrogen deficiency-induced bone loss as 
occurs in post-menopausal women. The assay is performed as described by Kalu. Bone Miner 15 175-192 (1991) 
which is incorporated herein by reference. In addition, useful animal model systems for evaluating the effectiveness 
of a peptide to reduce or inhibit bone resorption are described by Rogers et al., Bone 14:369-377 (1993) which is 
incorporated herein by reference. 

[0168] In experiments using these model systems, a peptide is administered to an ovariectomized animal and bone 
loss ,s measured over a period of time such as over a five week period. A composition comprising the peptide can be 
administered in any of various ways such as intravenous, intraperitoneal, intramuscular or subcutaneous injection In 
E^ISr';? COmposrt,on can be ^ministered subcutaneously in the form of peptide^ontaining microcapsules 
[0169] The skilled artisan will understand that an effective peptide can be identified by administering various amounts 
of a pept.de to groups of animals in order to obtain statistically significant results. For example, a range of peptide 
doses of about 0.1 . 1, 10 or 100 mg/kg/day can provide an indication of an effective amount of a peptide which can 
reduce or inhibit bone resorption. One or more groups of animals can serve as appropriate controls. 

B. Effect of RGD peptides on restenosis in guinea pips: 

[0170] This example provides a method for identifying RGD peptides of the invention that can reduce or inhibit res- 
tenos.s. Various animal models of restenosis are well known (see, for example, Choi et al., supra, 1994- see also 
Jackson, Trends Cardiovasc. Med. 4:122-130 (1994)). A guinea pig model of restenosis as described herein also is 
useful for identify effective peptides. 

[0171] Guinea pigs (300-400 g; 2-3 months old) are anesthetized and the left common carotid artery (LCCA) and 
ngh internal juguter vein are exposed through a midline incision in the neck. The internal vein is isofcted and ligated 
A silastic tube (PE-160) attached to an "ALZET" osmotic minipump (2 ml; Alza; Palo Alto CA) is introduced into th ' 
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open end of the same vessel and the pump is placed in a subcutaneous tunnel on th dorsal surface of the animal. A 
2F Fogarty balloon catheter is introduced into the left xtemal carotid artery (LEG A), inflated and withdrawn three times 
to denude the endothelium in the LCCA The catheter then is removed, the LECA is ligated and the surgical wound is. 
clamped. 

[0172] Saline (control) or various cone ntrations of p ptide are d liver d via the minipump at a rate of about 10 pi/ 
hr for 7 days. Three weeks after balloon injury, guinea pigs are anesthetized and an abdominal incision is made to 
expose the abdominal aorta. An 18 gauge IV catheter is used to flush (50 ml Ringer's lactate) and fix (200 ml 4% 
formaldehyde) in wvoduring a lethal injection of pentothal via the tail vein.-Histological sections are prepared by cutting 
the LCCA in serial 2 mm sections and staining with hematoxylin -eosin and with Lawson's elastic-van Gieson stain on 
separate slides. Morphometric analyses are performed using a computerized digital microscopy algorithm to measure 
the cross-sectional area of the lumen, intima, media and adventitia for the extent of neointimal thickening. 
[0173] Although the invention has been described with reference to the examples provided above, it should be un- 
derstood that various modifications can be made without departing from the spirit of the invention. Accordingly, the 
invention is limited only by the claims. 



Claims 

1 . A medicament for use in ameliorating the severity of a pathology involving 0^3 integrin receptor-mediated binding 
of a cell in a subject, wherein said medicament is formulated for introduction into a subject, said medicament 
comprising a non-natu rally occurring peptide having the structure: 

X 1 X^X 3 ^GOX s X 6 X I X 8 

wherein: 

X, is R-|R 2 N (wherein is an H or aikyl group and Rj is an H. alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or O.to 10 amino acids, which can be protected by acetylation at the N-terminus; 

X 2 is 0 or 1 amino acid: 

X 3 is 0, 1 or 2 amino acids; 

X 4 is a positively charged amino acid; 

X5 is an amino acid that provides an ionic or similar interaction with an integrin receptor; 

X$ is an amino acid having an aliphatic side chain or is an aliphatic non-natural amino acid that is hydrophobic; 

X 7 is a residue capable of forming a bond with a bridging amino acid of Xg, or with X 3 when Xg is 0, or with X4 
when X 2 and X 3 are 0, to conformationally restrain the peptide; and 

X 8 is -CONR 3 R 4 (wherein R 3 is an H or alkyl group and R 4 is an H or alkyl group) or -COOF^ (wherein R 5 is 
an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at the C-terminus. 

2. The medicament of claim 1. wherein said pathology is due to inappropriate angiogenesis, said peptide reducing 
or inhibiting said angiogenesis. 

3. The medicament of claim 1, wherein said pathology is due to insufficient angiogenesis, said peptide increasing 
said angbgenesis. 

4. The medicament of claim 1 , wherein said pathology is due to restenosis, said peptide reducing or inhibiting said 
restenosis: 

5. A medicament for use in altering bone resorption in a subject, wherein said medicament is formulated for intro- 
duction into a subject, said medicament comprising a non-naturally occurring peptide having the structure: 

X 1 X 2 X 3 X 4 GD X 5 X S X 7 X 8 
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wherein: 

^ is R^N (wherein ^ is an H or alkyl group and Rg is an H ( alky!. CH 3 CO, alky^CO or phenyl-CO group)- 
or 0 to>10 amrio acids, which can be protected by acetylation at the N-t rminus; 

X2 is 0 or 1 amino acid; 
X 3 is 0, 1 or 2 amino acids; 

X4 is a positively charged amino acid; J* L 

Xs is an amino acid that provides an ionic or similar interaction with" an integrin receptor; 

X$ is an amino acid having an aliphatic side chain or is an aliphatic non -natural amino acid that is hydrophobic; 

X 7 is a residue capable of forming a bond with a bridging amino acid of X2, or with X 3 when X^ is 0, or with X 4 
when X 2 and X 3 are 0, to conformationally restrain the peptide; and - 

X 8 is -CONR^ (wherein R 3 is an H or alkyl group and R 4 is an H or alkyl group) or -COORg (wherein R s is 
an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at the C-terminus. 

6. The medicament of claim 5, wherein said administration increases bone resorption. 

7. The medicament of claim 5, wherein said administration reduces or.inhibits bone resorption. 

8. The medicament of claims 1 to 7, wherein when X 2 in said peptide is one amino acid, then Xg forms a bridge with X 7 . 

9. The medicament of claims 1 to 8, wherein X 3 in said peptide consists of Phe-Ala, Ala-Ala, Glu-Ala, Tyr-Ala, Arg- 
Ala. Ile-Ala, Glu-Pro, lle-Phe or (2-Nal)-Ala. 

10. The medicament of claims 1 to 9, wherein X4 in said peptide is Arg, Lys, homoArg or N-Me-Arg. 

11. The medicament of claims 1 to 10, wherein X$ in said peptide is Asp, Glu, p-[1(2)H-tetrazol-5-yl]-alanine, Msa, 
PsaorTfsa. 

12. The medicament of claims 1 to 11, wherein Xs in said peptide is Leu, lie, Val, Thr, Nle, (tBut)Gly, Cha, phenylglycine 
or Npg. 

13. The medicament of claims 1 to 12, wherein X4 in said peptide is Arg, Xs is Asp and Xg is Val. 

14. A peptide for altering 0^3 integrin receptor-mediated binding of a cell to a matrix, comprising a non-naturally 
occurring peptide selected from the group consisting of: 
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Ac-C-A-A-R-G-D-S-Tir-r-ww. . 

Ac-C-A-A-R-G-D-N-Tir-r-ww. . 

Ac -Pen-F-A-R-G-D-S-Ti r-r.ww, . 

AC -C-R-G-D-T-T-: r-r- WTT-- ; _.. 

Ac -OA-A-R-G-D-T-Tic-C- NH. ; 

Ac -C-R-G-D-S- , ric-P<an -mT ir 

flAla-A-A-R-G-D-N-Ti -r-n- ww. . 

G-C-S-P-R-G-D-M-T* r-r-i-wi7_ . 

G -Pen-A-A-R-G-D-g-P-r- a . 

AC -Pen— F-A-R-G-D— N-T-i r.f- iro_ . 

Ac -Pen- < YOM e ) -A-R-G— n-N-Ti e-p- mr... 

Ac -Pen— A— A -R-G-D— N-T? r.r.wg, . 

Ac-C-R-G-D-S-Ti r-f- wg. . 

Ac -C-R-G-D-N-Tie-Pftn- wg. ; 

G-A-A-R-G-D-S-Tir-P-Wr. . 

AC -?en-F-A .R-G-D-M-P_p -ire. . 

Ac-C-E-P-R-G-D-M.TM ^.r-wt^, . 

Ac-C-A-A-R-G- O-M-T- ^_r_Tr_ mi . 

G-R-G-D-S-P-H-G ; (SEQ ID NO: 9) 

AC-C-A-A-R-G-D-T- f r» ■> -r-Kfff, ■ _ 

Ac-C-F-A-R-G-n-T- {mir.} -<--vm ± - 

E-G-P-N- t - i ; 

Ac-C-R-G-D-T-fTV-a >-r-wp. . 

Ac -C- ( nMeR ) -G-D-T- f m ff i ,r- xrg ] . 

Ac-F-C-R-G-D-T- c*i r ^ -r_ ww. . 

A-P-G-K-H-P-N-R -C-A-A-R-G-n-N- r Tie 1 -r 
( Pmp l -A-a-R-c- n-p- N _ ; Ti r _ ^ _r_w^_ . 

G -Pen-G-F-R-G-D-E-P-r -ww- ; 
Ac -C-A-A-R-G-T- fTir] -- -«Hi ■ 

AC -C-R-G-D-N-P-Rpn- NT^ ; 

R-G-D-N-Tic-E-NHji 
AC -C-S-P-R- G-D-N-Tie-C -MW. ; 
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G- Pen-G-H-R-G-D-S-P-C -A; 

Pmp-R-G-D-S-P-?en-G : 
K- Pen-G-F-R-G-D-S-?-C -R ; 
K- Pen-G-F-R-G-D-D-P-C -R : 
G -> Pen-L- r df ) -R-G-D-T-P-C -A ; 
G-R-G-D-S-P-D -F ; / SEP ID NO : 10) 
F-R-G-D-S-P-Z-G; (SEQ ID NO: 11) 
Ac - Pen-A-A-R-G-D-N- 1 dhP ) -C -NH 7 ; 
G- ?en-E-A-R-G-P-N-P-C -A: 
Ac - Pen-T-A-R-G-D-N-P-C -NH, ; 
G- Pen-A-A-R-G-D-V-P-C -A-NH. : 
Ac - Pen-F-A-R-G-D-S-P-C- NH, ; 
Ac - Pen- ( YOKe ^ -A-R-G-D-N-P^C -NHi ; 

f p-Cl-FWR-G-D-T-P-D- NH^ : 
R-G-D-T-P-E- NK, ; ( SEP ID NO: 15) 
Ac -C-R-G-D-S-P-C- NH, : 
G- Pen-A-A-R-G-D-E-P-C- NK 7 (SEQ ID NG: 30) 
fiAlk-A-A-R-G-P-N- ( Tic ) -D- NK 7 ; 
G-R-G-P-E-P-P-G : (SEQ ID NO: 16) 
G-Fen- ( dE ) -A-R-G-D-S-P-C- NH, ; 
Ac - C-A-A-R-G-D-N- ( f p ) -C-NH, ; 

G-Pen-G-F-R-G-P-S-P-C- NH, : 
Ac -C-R-G-P-S- ( Tic ) -C-A-S-NH, ; 
Ac - Pen- ( 2-Nal ) -A-R-G-D-N-P-C- NH-, ; 
Ac -C-A-A-R-G-D-N- ( 7-OMeTic ) -C -NE 7 ; 
A-C-R-G-D-S-P- ( Pen ) -NH, ; 
Ac - C-A-A-R-G-D-N- f Tic 1 -C-K- NH ? ; 
Ac -C-A-A-R-G-P-N- ( Tic ) -C-A-K- NK 7 : 
Ac - r Pen 1 -A-A-R-G-P-N- f homoP ) -C- NH ? ; 
Ac - E-P-R-G-D-N- ( Tic 1 -C -NH 7 ; 
Ac -C-A-A- ( HoinoR ) -r-g-P-N- f Tic \ -C- NH 7 : or 
Ac- ( Pen ) - r YOMe l -A-R -G-P-T- f Tic ^ -C -NK-, , 

wherein the underlined amino acid residues indicate the cyclic region of the peptide. 

15. A peptide for altering a^fc integrin receptor-mediated binding of a cell to a matrix, comprising a non-naturally 
occurring peptide selected from the group consisting of: 



26 



EP 0 896 003 A1 



Mpa-R-G-D-D-V-C -NS T ! - 
G-R-G-D-D-V-D-Nff. ; ( SEQ ID NO: 7); 
G- Pen-A-A-R-G-D-D>V-C -A-NH : ; 
G-Pen-R-A-R-C-D-D-V-C-A; 
Moa -R-G-D-D- t -BuG > -C- NH : • 
G-R-G-D-D - f tBuG ^ ; 
R-G-D-p- ( tBuG > - f Mgmh ^ » 
f Moa ) -R- G-D- ( t etA > - ft BuG > -r -Wff. ; 

f Mpa ) -R- G-D-D- f tBtxG > >C-P- nr : r 
f Mpa ) -R-G-D- f tetA > - f tBuG > .f -m r 
R-G-D-D-V-E-Ng. (SEQ ID NO: 3); 

f Mpa > -R-G-D-D- ( ?gL ^ -r- Wff. ? 
/Mpa ) -R- G-D- f ?sa ) - r t:BuG > -C -htt- . 

f Mpa ) -R-G-D-D- ( tBuG ^ -r -rwxrrr. ; 
r Moa ) -R-G-D- fMsa ) - f tBuG ) -C -NK, ; 
f Mpa ) -R> G-D- f Cha ^ - ( ZBnG ) -C- m. ; 
f Mpa ) -R -G-D- r YOM8 ) - ( ZBMG ) -C -KTR. ; 
(Mpa ) -R- D-G- ( Tf sa ) - f tBuG 1 -e- wg- ; 
Ac - f Pen 1 -S-P-R-G-D-D-V-C -NF- ; 
G -Pen-A-A-R-G-D-D-T-C -ym, ; 
G -?en-I-A-R-G-D-D-L-C- A? 

AC — 1 -t? _ ; ^.n — ^-^rrT >t^j . 

AC -Pen-?-A-R-G-D-D-V-C -NH : ; 
Ac-R-G-D-D-V-G^NK, ; (SEQ ID NO: 31) 
Ac- Pen-F-A-R-G-D-D- f PaL 1 -C -.NH. ; 
Ac -C-R-G-D-D-V-C -NK, • (SEQ ID NO: 17) 
f Mpa ) -R-G-D-D- r Cha \ -C- Nff.; 
Ac-C-I-A-R-G-D-n-V-r-w?- r (SEQ ID NO: 18) 
Ac-C-E-P-R-G-D-n-v-r-wy- r ( SEQ ID NO: 19) 
Ac-C-E-A-R-CD-D-v-r-Wff. r ( SEQ ID NO: 20) 
A c ( Pen 1 -E-A-R-G-D-D-V-C -NH. ; 
A-A-R-G-D-D-V- f Adp ) -MH, ; 
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( Moa ) -R-G-D-D- ( npG ) -C-UW- • 
Ac - ( Pen ) -I-G-R-G-D-D- ( £3uG ) -r . a ; 
Ac -C-K-G-D-D-V-C -NH. : ( SEQ ID NO: 8) 
Ac-A-C-R-G-D-D-V-C-A-NH. : (SEQ ID NO: 25) 
t MPS 1 -R-G-D-D- r t3uG 1 ■ 
f Mpa ) -R-G -D-D* ( tBuG ) -C-A-K -^. * 

f fiAla ) -R-G-D-D- ( t3uG \ -D-NH, « 
f Mpa ) - ( ritteR 1 -G-D-D- ( tBuG l -r -My, » 
/Mpa ) -R-G-D-D-V-C- a-IC-ww-; 
Ac-A-C Z R = G Z D Z E Z V = C-A-NH 2 ; (SEQ ID NO: 27) or 
f Kpa \ - R-G-D-D- ( tBuG \ -r -a,^. 

wherein the underlined amino acid residues indicate the cyclic region of the peptide. • 

16. A medicament for ameliorating the severity of a pathology involving 0^3 integrin receptor-mediated binding of a 
cell in a subject, wherein said medicament is formulated for introduction into a subject, said medicament comprising 
a peptide according to claims 1 4 or 1 5. 

17. A medicament for altering osteoclast binding to a matrix, wherein said medicament is formulated for introduction 
into a subject, said medicament comprising a peptide according to claims 14 or 15. 

18. A medicament for altering bone resorption in a subject, wherein said medicament is formulated for introduction 
into a subject, said medicament comprising a peptide according to claims 14 or 15. 

19. Use of a peptide according to claims 14 or 15 for altering osteoclast binding to a matrix in vitro. 

20. Use of a peptide according to claims 1 4 or 1 5 for altering the ability of a ceil expressing the o^fc integrin to attach 
to a solid matrix in vitro. 

21. A peptide for altering 0^5 integrin receptor-mediated binding of a cell to a matrix, comprising a non-naturally 
occurring peptide selected from the group consisting of: 

AC - F -C-R-G-D-T-F-C -NH ? 
G- Pen-I-F-R-G-D-T-F-C -A ; 
G- Pen-G-E-R-G-D-N-Y-C -A ? or 
G-R-G-D-T-F-E-NH, : (SEQ ID NO: 12), 

wherein the underlined amino acid residues indicate the cyclic region of the Peptide. 

22. A medicament for ameliorating the severity of a pathology involving 0^5 integrin receptor-mediated binding of a 
cell in a subject, wherein said medicament is formulated for introduction into a subject, said medicament comprising 
a peptide according to claim 21 . 

23. A Peptide for altering ogP, integrin receptor-mediated binding of a cell to a matrix, comprising a non-naturally 
occurring peptide selected from the group consisting of: 
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G -Pen-R-A-R-G-D-N-P-C -A ; 
G- Pen-A-A-R-G-D-N-P-C -A: 
R-G-D-S-P-E -NH T : ( SEQ ID NO : 13); or 
G-R-A-R-G-D-N-P-E -NH 7 : (SEQ ID NO: 14) 

wherein the underlined amino acid residues indicate the cyclic region of the peptide. ' 

24. A medicament for ameliorating the severity of a pathology involving o^p, integrin receptor-mediated binding of a 
cell in a subject, wherein said medicament is formulated for introduction into a subject, said medicament comprising 
a peptide according to claim 23. 

25. A method for altering o$j integrin receptor-m ediated binding of a cell to a matrix, comprising contacting the cell 
with a non-naturally occurring peptide having the structure: 

X 1 X 2 X 3 X 4 GD X 5 X 8 X 7 X 8 

wherein: 

X, is F^RjN (wherein is an H or alkyl group and R> is an H, alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or 0 to 10 amino acids, which can be protected by acetylation at the N-terminus; 

Xg is 0 or 1 amino acid; 

X 3 is 0, 1 or 2 amino acids; 

X4 is a positively charged amino acid; 

Xg is an amino acid which can provide a hydrogen bond interaction with an integrin receptor; 

X 6 is an amino acid that has the characteristics of hydrophobicity or conformational constraint; 

X 7 is a residue capable of forming a bond with a bridging amino acid of Xg, or with X 3 when X2 is 0, or with X4 
when Xg and X 3 are 0, to conformationally restrain the peptide; and 

X 8 is -CONR 3 R 4 (wherein R 3 is an H or alkyl group and R 4 is an H or alkyl group) or -COORg (wherein R 5 is 
an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at the C-terminus, 

and wherein when Xg is serine and Xg is proline. X 3 is 0 or 2 amino acids. 

26. The method of claim 25, wherein said cell is an endothelial cell. 

27. The method of claim 25, wherein said cell is a smooth muscle cell. 

28. The method of claims 25 to 27, wherein said peptide is in a soluble form. 

29. The method of claims 25 to 27, wherein said peptide is immobilized on said matrix. 

30. A method for altering osteoclast binding to a matrix, comprising contacting the osteoclast with an effective amount 
of a non-naturally occurring peptide having the structure: 

X 1 X 2 X 3 X 4 GD X 5 X 6 X 7 X 8 

wherein: 

X, is R 1 R 2 N (wherein R, is an H or alkyl group and ^ is an H, alkyl, CH 3 CO, alkyl-CO or ph nyl-CO group) 
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or 0 1 1 0 amino acids, which can b protected by acetytation at the N-terminus; 
X2 is 0 or 1 amino acid; 

X 3 is 0, 1 or 2 amino acids; ,v - ~ ■ 

X 4 is a positively charged amino acid; 

X 5 is an amino acid which can provide a hydrogen bond interaction with an integrin receptor; 

Xs is an amino acid that has the characteristics of hydrophobicity or conformational constraint; 

X 7 is a residue capable of forming a bond with a bridging amino acid of X^ or with X3 when is 0, or with X 4 
when and X 3 are 0, to conformational^ restrain the peptide; and 

X s is -CONR 3 R 4 (wherein R 3 is an H or alkyl group and R 4 is an H or alkyl group) or -COORg (wherein R 5 is 
an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at the C-terminus, 

and wherein when X s is serine and Xg is proline, X 3 is 0 or 2 amino acids. 

31. The method of claim 30, wherein said peptide is in a soluble form, which reduces or inhibits said osteoclast binding 
to said matrix. 

32. The method of claim 30, wherein said peptide is immobilized on said matrix, which increases said osteoclast 
binding to said matrix. 

33. The method of claims 25 to 32, wherein when in said peptide is one amino acid, then X 2 forms a bridge with X 7 

34. The method of claims 25 to 33, wherein X 3 in said peptide consists of Phe-Ala, Ala-Ala, Glu-Aia. Tyr-Ala, Arg-Ala 
lie-Ala, Glu-Pro, lle-Phe, (2-Nal)-Ala or YOMe-Ala. 

35. The method of claims 25 to 34, wherein X 4 in said peptide is Arg, Lys, homoArg or N-Me-Arg. 

36. The method of claims 25 to 35, wherein Xg in said peptide is Asn, Ser or Thr. 

37. The method of claims 25 to 36, wherein Xs in said peptide is Tic, Pro, Phe or lie. 

38. The method of claims 25 to 37, wherein X^ in said peptide is Arg and Xg in said peptide is Tic. 

39. A method for altering c^fe integrin receptor-mediated binding of a cell to a matrix, comprising contacting the ceil 
with a non-naturally occurring peptide having the structure: 

X 1 X 2 X 3 X 4 GDX S X 6 X 7 X 8 

wherein: 

Xt is R^N (wherein R, is an H or alkyl group and Rg is an H, alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or 0 to 1 0 amino acids, which can be protected by acetyiation at the N-terminus; 

Xj is 0 on amino acid; 

X 3 is 0, 1 or 2 amino acids; 

X 4 is a positively charged amino acid; 

X 5 is an amino acid that provides an ionic or similar interaction with an integrin receptor; 

Xg is an amino acid having an aliphatic side chain or is an aliphatic non-natural amino acid that is hydrophobic; 

X 7 is a residue capable of forming a bond with a bridging amino acid of X^, or with X 3 when Xj> is 0. or with X 4 
when X 2 and X 3 are 0, to conformationally restrain the peptide; and 
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X 3 is -CONR 3 R 4 (wher in R 3 is an H r alky! group and is an H or alky) group) or -COORg (wher in R s is 
an H or alkyl group) or 0 to 10 amino acids, which can be protected as an amide at th C-t rminus. 

40. The method of claim 39, wherein said ceil is an endothelial cell. 

41. The m thod of claim 39, wherein said cell is a smooth muscle cell. 

42. The method of claims 39 to 41, wherein said peptide is in a soluble form. 

43. The method of claims 39 to 41 , wherein said peptide is immobilized on said matrix. 

44. A method for altering osteoclast binding to a matrix, comprising contacting the osteoclast with an effective amount 
of a non-naturally occurring peptide having the structure: 

wherein: 

X, is R^N (wherein R, is an H or alkyl group and Rj is an H, alkyl, CH 3 CO, alkyl-CO or phenyl-CO group) 
or 0 to 1 0 ammo acids, which can be protected by acatylation at the N-terminus; 

X 2 is 0 or 1 amino acid; 

X 3 is 0, 1 or 2 amino acids; 

X 4 is a positively charged amino acid: 

Xg is an amino acid that provides an ionic or similar interaction with an integrin receptor: 

Xs is an amino acid having an aliphatic side chain or is an aliphatic non-natural amino acid that is hydrophobic; 

X 7 is a residue capable of forming a bond with a bridging amino acid of Xg, or wrth X 3 when X, is 0, or with X d 
when X 2 and X 3 are 0, to conformational^ restrain the peptide; and 

X 3 is -CONR 3 R 4 (wherein R 3 is an H or alkyl group and R 4 is an or alkyl group) or -COOR 5 (wherein R s is an 
h or aiKyi group) or 0 to 1 0 amino acids, which can be protected as an amide at the C-terminus. 

45. The method of claim 44, wherein said peptide is in a soluble form, which reduces or inhibits said osteoclast binding 
to said matrix. a 

46. The method of claim 44, wherein said peptide is immobilized on said matrix, which increases said osteoclast 
binding to said matrix. 

47. The method of claims 39 to 46, wherein when % in said peptide is one amino acid, then X^ forms a bridge with X 7 . 

48. The method of claims 39 or 47, wherein X 3 in said peptide consists of Phe-Ala, Ala-Ala, Glu-Ala, Tyr-Ala Arg-Ala 
lie-Ala, Glu-Pro, lle-Phe or (2-Nal)-Ala. ' 

49. The method of claims 39 to 48, wherein X* in said peptide is Arg, Lys, homoArg or N-Me-Arg. 

50. The method of claims 39 to 50, wherein Xg in said peptide is Asp, Glu. Wl(2)H-tetrazol-5-yl]-alaninerMsa Psa 
or Tfsa. 

51 ' T NpT h0d °' C ' aimS 39 10 5 °' Wherein * in S3id PSP,ide iS LeU ' " e ' ^ Thr Nle ' ( ,But ' G| y- Cha - Phenylglycine 
52; The method of claims 39 to 51, wherein X, in said peptide is Arg, Xj is Asp and Xg is Val. 
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FIG. 1A 




1 X3 ,4-Tcrahydroisoquinoline-3-carboxylic acid Dccahydroisoquinoiinc-3-carboxy lie acid 




1 ^ A-Twrafaydro-^-carboIiae-3-carboxyIic acid 




0«ahyGrotndote-2.carboxylic acid [,colinc-2<arboxylic acid 
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3-carboxyiic acid 




123.4-Tcc^ydru-T-hydioxyisoquinoIinc-3-carboxyIic acid derivatives 
wherein heteroatoms (X=F,CI3rJ) or alkyl (X=aikyl) groups are 

substituted at one of the following positions (5,6,7,8) or any combinations of 

positions. 
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FIG. 3 

CYCLIC RGD PEPTIDES - 



. G- ?en-R-A-R-G-D-D-rJL-C -A - 

G- ?gf*-A-A-R-G-D-D-T-C -A 

G- cPsn-G-?.-G-D-D-v-C -NH. r 
3Ala-R-A-R-G-D-N-P-D- NH T 
Ac- Pen-A-A-R-G-D-Orri-P-C -NS* 
Ac- ?er.-F-A-R-G-D-N-Pql-C -NE, 
Ac HZ-A-A-P-G-D-T-P-C -^ (SZQ ID NO: 21) 
Ac -j - C-P-G- D-T-F-C (SZQ 10 NO: 22) 

Ac- C-I-?-P-G-D-T-r'-C -Ng 7 ( SEQ ID NO: 23) 
Ac - Psn-I- f o-Cl-rM -R-G-D-T-P-C-NH. 
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FIG. 6A 




0 2 4 6 8 10 

PEPTIDE CONCEN.(uM) 



FIG. 6B 



□ 




Q. 0- ! i i 1 

0 200 400 600 800 

PEPTIDE CONCEN.(uM) 



41 



EP 0 896 003 A1 



FIG. 6C 
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FIG. 10A 
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FIG. 12 
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